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FIRST COMMISSIONER 


OF THE 


Boards of Admiralty and Longitude. 


MY LORD, 


, WHILE the public voice is unanimous in applaud- 
ing your attention to reſtore the Royal Navy of Britain 
to the reſpectable ſtate from which it had been ſuffered 
to decline ſince the laſt War; and your Lordſhip's great 
humanity towards the Artificers, in general, of His Ma- 
jeſty's Dock-yards; Philoſophers not only admire theſq 
noble acts, but likewiſe, your generous encourage» 
ment to improve Geographical, Nautical, and Natural 


Knowledge. 
A | Such 


lee rk i 0 


Such exertions of your Lordſhip's extraordinary 

| Mental and Official Abilities, will undoubtedly be tranſ- 

mitted with honour to the lateſt poſterity : And your 

laudable example muſt inſpire a regard for Works in- 
| tended to promote public utility, =» 

| 

| 


The Author of The Elements of Navigation, not- 
withſtanding the favourable reception which the former 
impreſſions have met with from Britiſh Mariners, thinks 
himſelf extremely happy that this improved Edition is 
permitted to appear under your Lordſhip's Patronage. 


That you may long enjoy the Opportunity as well 
| as Inclination of promoting uſeful Arts and Learning, ts 
a hope fincerely entertained by, 
| 
| 


My LoRD, 


Your LoxDSsRHIE's 


molt obedient 


and humble Servant, 5 


John Robertſon, 


TO THE 
RIGHT WORSHIPFUL | 
Sir ROBERT LADBROKE, Kat: ——— 


PRESIDENT), 


THE' 


wor THOMAS BbRTOO f. vl 


FREASURER; | 
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Chriſt's H 3 1 


This Book, containing the Elements of Navigation, 
and a Treatiſe on Marine Fortification, firſt pub- 
liſhed for the Uſe of the Children in the Royal Ma- 


thematical School, when they were under my Care; 
is, as a grateful om i KA for paſt favours, 
addreſſed by 


Your WORSHIP's moſt humble Servant, 


John Robertſon. 
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ADVERTISEMENT. 


IN this Fourth Edition, beſides carefully correcting the 
errors which had crept into the former, the Editor has re- 
computed the Tables in Book V. Art. 308, zog, and 310, 
of the Sun's Longitude, Right Aſcenſion, and Declination. 
He has alſo reduced the two Tables of the Fixed Stars (Art. 
3 12) to the beginning of the year 1780 and inſtead of tak- 
ing them from the obſervations of the Abbe de la Caille, as was 
done in former editions, he has: now given the places of 
ſuch as can be feen at Greenwich, from the obſervations of 
the late Dr. Bradley; which, without any reflection on the 
abilities of the illuſtrious French aſtronomer, may be ſup- 
poſed mare exact, as being made with inſtruments greatly 
ſuperior to thoſe which the Abbe was poſſeſſed of: the places 
of ſuch as are not ſeen. at Greenwich are ſtill taken from the 
Abbe's Obſervations, as by far the beſt authority we yet have. 
The Editor has alſo reviſed, as far as his materials extended, 
the Geographical. Table, and added the names of many 
other places from his own obſervations ; ſo that he flatters 
himſelf it 15 the moſt extenſive and correct of any extant. 
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Several Navigators having complained of the Journal which 
was in the former Editions, a new one is inſerted; which 
the Editor hopes will be found leſs exceptionable. On the 
whole, he preſumes, this Edition will be found, as worthy 
of the approbation of the public in general, and of ſeamen.in 
particular, as thoſe which were printed under the Author's 
inſpection. | 
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IT having been part of my employment for many years paſt, 10 
inſtruct youth in the theoretical and practical parts of Navi- 
gation ; 1 was naturally led to draw up rules and examples t- 
ted to the years and capacity of the frbylar : ſome of 'the precepts, 
from time 10 time were altered, accortding as 1 bau obſerved bow 
they were comprebended by the mayority of my pupils; until at 
length I had put together @ ſet of materials, aubicb 4 found ſufficient 
for teachiug this Art. FLY | 

Upon my being intruſted by the governars of Chriſt's Hoſpital (in 
the E of the year 1748) with the care of th Rodale. 
matical ſchool there, founded by King Charles the ſecond, I bad 4 
great opportunity of experiencing the metked I bad before uſed ; and 
finding it fully anſwered my expectation, I determined to print it 
for the ufe of that ſchool : but as thoſe children are to be inſtructed 
in the mathematical ſciences, on which the art of Navigation is 
founded, I judged it proper, on their account, to introduce tbe ſub- 
jefts of Arithmetic, Geometry, 2 77 Sc. for which reaſon, 
this treatiſe is diſtinguiſhed by the title of Elements of Navigation. 


. | \ = = | 
After my appointment (in the year 15 55} to be bead maſter of 
the Royal Marine ms Pos ausl. 2 by King George 
the ſecond, J alſo found that this book was ſufficiently intelligible . 
to beginners of middling capacities; and therefore, in the ſecond. 
edition, in the year 1764, the manner in which it was firſt compoſ-. 
ed was continued, except the removing of the book of Aſtronomy, 
from being the 8th. into the place of the 5th. whereby the books. 
of Plane Sailing, Globular Sailing, and Bays Warks, which tage- 
ther nearly comprehend the art of Navigation, follow in ſucceſſion : 
T here were indeed ſome variations in the modes cf exprefſion in a. 
few places; but the additions in every book were made rather to ex- 
tend the notions of learners, than to ſupply any deficiency waning in 
the former edition; except ſome of he additions in the gib. books. 
which were not ſo well known at the time of the;firſt impreſſion. 
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The work is divided into ten parts or books, each being a diſtint 
treatiſe ; the preceding ones contain the neceſſary elements which are 
wanted in thoſe that follaw. The demonſtration of the ſeveral pro- 
plſitians are given as conciſely as I could contrive, to carry with them 
a ſufficient degree of evidence: Throughout the whole of the elementary 
parts; brevity and perſpicuity were conſidered ; but the practical 
parts are more ſully treated on, and intended to include every uſeful 
particular, worthy of the mariner's notice. 
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In the elementary parts, where it is not eaſy to introduce new. 
malter, there will be found the common principles treated in a man- 
ner, which, it is apprehended, is beiter adapted to beginners ;, and 
ſuch new lights thrown on ſeveral particulars, as will render them 
more obvious than in the yiew wherein they bave been commonly ſeen. 


The treatiſe of Fortification annexed, is the reſult of mam years 
application; and is delivered in a very different mode from what * 
other writers have taken ; for among the multitude which I have 
ſeen, they generally begin with the fortifying of a town, the moſs 
difficult part of the art, and end with works the moſt eaſy to con- 
trive and execute: Herein the works of the fimpleſt confiruficn are 
begun with, and the learner gradually advanced to the fortifying of ' 
a town : Indeed the limits choſen for this traft have cauſed ſome ar- 
ticles to be briefly mentioned, and others 10 be totally omitted; ne- 
veribeleſs, it is conceived that, in its preſent late, it may be of. 
confiderable uſe to Marine Officers, and even furniſh ſome hints not 
altogether usworthy the notice of the Gentlemen of the Army, * 


The Maritime parts of theſe Elements, contained in the vii 
viirh and ixth books, are alſo delivered in a manner ſomewhat diſ- 
ferent from what is ſeen in other writers; who, for the moſt part 
copying from ons another, 'bave not much contributed towards per- 
fecting the art of Navigation, the writers indeed have been many. 
but the improvers have been very few; Wright, Norwood, and ' 
Halley, having done the moſt of "what has been diſcovered ſince a 
little before the beginning of the 171th century: however, in the me- 
thod bere taken, it is apprebended that the proper judges will find 
ſome few improvements, as well in the art itſelf as in the manner 
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of communicating it to learners, 


The common treatiſes of Navigation, which on actount of tbeir 
ſmall bulk and en price, are vended among the Briiiſp- Mariners, 
Jerm nat ta be written with an intention to excite in their readers 4 


defrre 


o 
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befire to purſue the Sciences, farther than they are handled in 
thoſe bocks ;, ſo that it is no wonder our ſeamen in general bad ſo” 
little mathematical knowledge ; for the perſon who could keep a 
trite journal, formed on the met eaſy occurrences, has been reckoned 

a good urtiſt; but «whenever thoſe occurrences baue not happened, 
the journalift has been at a loſs, and unable to find the Jhip's place * 
<vith any tolerable degree of preciſion ; and ſuch accidents have pro- 
bably contributed to the 4060 which" many ſhips crews have ex- 
perienced, and which a little more kn, wledge among them might 
have prevented, or at leaſt have le en,jtt.. IH: ao 


"About the middle of the 16th century, Navigation began to be - 
conſidered as an art, in a great meaſure dependent cn the Mathema- 
tical ſcientes ; and on ſuch a plan has it been cultivated by the la- 
bours of the moſt judicious, who have applied themſelves towards 
its perfection; and altbough the art has been enriched by the ab- 
fervations of ſome learned men in different nations, yet it has ſo bap- 
pened, that the chief of the improvements, and particularly the . 
mathematical ones, were firſt publiſhed in Bratais, . 


Into this work are colleBed moſt, if not all, of the uſeful and cu- 
rious particulars relating to the art of Navigation; there are alſo 
interſperſed biſtorical remarks of inventions, with the names of 
many eminent men, and their works; theſe were intended as in- 
centives to inſpire learners and our ſeamen with a defire not only of 
knowing the things herein treated of from their foundations, but of 
puſhing their inquiries into ſuch other parts of the ſciences as may 
procure to themſelves pleaſure, profit and reſpeft, and render them 
more uſeful 30 their country by the Hill refulting from ſueb ac- 


quifitions, f 
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I have always thought that the chief motives which ought to in- 
duce a perſon to appear as a writer ſhould be, either that be has 
ſometbing new to publiſh, or that bt bas arranged the parts of 6 
known ſubje8, in a method more regular and uſeful than bad been 
done before ;, in either of theſe caſes be cannot be a proper judge, 
unleſs be bas ſeen the pieces extant on that ſubje?, or at leaſt, thoſe 
of the moſt eminent authors already publiſhed : On theſe principles 
1 was led to examine what had been done by the different writers 
on Navigation; and having peruſed maſt of their books, of which 1 


ä 


a 4 could 
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could get information, I had an opportunity of diſcovering the ſtens 
by which this art bas riſen to its preſent perfection, and conſequently 
of knowing the moſt material parts of the hiſtory of its progreſs 
among other things, I could not avoid remarking a miftake which. 
has crept into many of the modern books of Navigation; which it, 
that Wright's invention of making à irue ſea-chart «was ſtolen. y 
Mercator, and publiſhed as his own. I ſuſpe this flory bad its 
riſe in a book printed in the year 1675 byEdward Sherburne, in- 
titled © The Sphere of Marcus Manilius made an Engliſh Poem, 


with Annotations and an Aſtronomical Appendix.” 


My enquiries into theſe matters induced the late learned Dr. 
James Wilſon 10 review and complete his obſervations on the ſame 
Sſubjeft, and produced his Diſſertation on the Hiſtory of the. Art af 
Navigation; which he was pleaſed ta give me leave to publifh with 
the ſecond Edition of this work, | 


There are few perſons, bowever knowing and careful, who may 
not commit, and overlook, inadvertences in their own compoſitions, - 
which may be diſcovered by others : therefore at my requeſt the 
greateſt part of the manuſcript for the firſt edition was read and 
examined by two of my friends , well acquainted with the theary 
and practice of Navigation; who, by their judicious obſervations, 
enabled me to improve ſeveral articles: Some part of the additions 
to the 2d Edition, received much elegance and perſpicuity through 
the friendly advice and communications of the late learned Dr, 
Henry Pemberton, F. R. S. * po 


The ſecond Edition of theſe Elements having alſo been well re. 
ceceived by the Public; Dr. Willon took the parns to reviſe bis, Diſ- 
ſertation, which he improved in many particulars : And I bave 
alſo endeavoured 10 retain their favaurable opinions of my labaurs, 
by giving Compendiums for performing the operations + the new. 
metbods of finding the latitude and longitude of a ſhip at ſea; and 
ſome other alterations and additions which I conceived would render. 
this third Edition more generally uſeful,.. l 


Nov. 1, 1772. 
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* William Mountaine, Eſq, F. R. S. and Mr. William Payne. 
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ENTS. 


Tims treatiſe in two yolumes contains ten books; each is divided 


into ſeveral ſections, and numbered with the Roman u e 
e particular articles are numbered by the common figures, each 


book beginning with the number 1. 


The references made from one article of the treatiſe to auether is of. 


two kinds. | 


Fir. When in the ſame book, Then the number of the article re: 


ferred to, is put in a 
bered 27 in the ſame | 
Second. When in another book. 


Roman figures, and of the article in 


a .Thus (27), refers to the article num- 


Then the number of the book in 
common figures, is put in a paren. 


theſis. I hus (II. 160) refers to the 16th article of the {ſecond book. 
In the following contents, the ſections refer to the number of the 
page : the particulars to the number of the article. 


Vor. I. BOOK I. 


ARITHMETIC. 


From Page 1 to Page 42, 


SECTION I. Definitions and Prin- 
ciples | p- 1 
Notation, numgration,and fraction: 
| at articles 13, 14, 15, 16 
M r 
SECTION II. Addition p. 6 
O whole numbers and fractions 24 
SECTION III. Subtraffforn p. 
Of whole numbers and fractions 26 
Suſi to exerciſe Addition and 
Subtratftion _—q—— 
SECTION IV. Multiplicatim p. 10 
Multiplication table art. 
Multiplication of whole numbers 
and fraftins ' art. 30 
SECTION: V. Diviſion . pi. 12 
Of whole numbers and fraftioms 32 


4+ 


SECTION VI. Reauifion 


| » IS] 
ſeveral names ta one name l 
inferior name to ſup. nam- 3 
ulgar frattjont to dreimals 38 
Inferior names to a decimal 40 
o value decimal fracfisus 42 
Practical queflionsg 43 


SECTION VIL Of Proportion p. 20 


Of the natare of proportional 
numbers 8 
"The Rule of Dre 5 
A collection of 26 queſtions 47 
SECTION VIII. Of powers and 
roots W 
To raiſe numbers 17 * 
r 1 . 
To extract the ſquare root 
Yo extrat? the cube root 
SECTION IX. Of numeral” ſeries 
| hp twig I 
Of arithmetic progreſſion , art. 59 


4 — progre, 1 | 1 
properties g. 
onal numbers 2 25 62-40 57 


_ 


Four problems in progreſſions 68 to 
Sgcrron X. of im "" 7 
—4 the nature of logarithms 73 
Yo mate logarithms * 77 
Of the tables of logarithms 80 
Vibe indices of logarithms 
Multiplication by Frerichas 8 


Di vi ſion 


K bl 


rn neren 


Diviſion by logarithms 86 *- the arith. comp. of logarithms '$ 
Of proportion by logarithms powers and roots by logarithms 8g 


BOOK H. GEOMETRY. 1 0 
From Page 43 to Page 84. 


SzeT1Onl. Definitions and Prin- src ro IV. Of Propertion p. 68 
ciples p. 43 Definitions and rinciples 1 38 to 147 
Definitions art. 1 to 42| General Properites + 3 by + 
Peſtulates | 43 In fimilar triangles 165 
Axiom: 45 In thecirdle and regular polygon; 1 165 
Sxcr. II. Geometrical Problems p. 48 Quadrature of the circle 191 
. ht lines and figures 55 to 700 SET. V. Of planes and falids p. 82 
. the circle 70 to 7s Definitions and Principles art. 198 
4 lines 75 to 81 Properties of cutting pianes 209 
s of equal parts and chords. Section pyramidi and cones 211 
81 to 35 SECT10N VI. Of the ſpiral p. 86 
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Of pohgons O / the common ſpiral art. 221 
SEcTION III. Geom. Theorems p. 50 + Of the proportional ſpiral 222 
2 lines and triangles art. 91 to 107 Logarithmic ſpiral 226 
V quadrangles and the circle Of Napier: Legarithnts 229 
107 to 138 „ 


BOOK II. PLANE TRIGONOMETRY. 
| From Page 89 to Page 125. 


SECTION I. Definitions and Prin- Synopſes of the rules ® art. 52 
ciples | p. 89 | Twelve numeral examples 5 3 to-65 
Definitions art. 1 to 17 SECTION IV. Of the ee, s 
SECTION II. Triangular canon p. 88 05 cale 114 
Confiruftion.of the plane ſcale art. 19 | Of natural and logarithmic ſeals 
Of fines of ſmall ares 25 art. 66, 67 
Ext ve 60 degrees 29 Of the line of numbers _. 68 
0 the relation of tangents, Ic. 31 o the line of fines 6g 
o compute the ſines f tangents ond verſed nes 70, 71 
1 the tables 7 ines, tangents, Demon/iration of their conflrudtion, 
9 72 
5 — Solution of triangles N 1 Sect. V. Uk of cu cale p. 118 
e fades and angles art. 45 Precept. | — — 79 
2 bdes and included right an- | Exemplifications | 


gle 46|Sectzon VI, Properties 

Teſt and included ebligue an- | fangs, * e, 
8 48 In obligue angled triangles. art. 88 

b tre fn. . 8e re nde 


wb Ines 
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BOOK IV. OF SPHERICS. 


SecT1oN I. Principles 
Definitions 


p. 25 
art, 1 


Principal proper ties art. 30 to 60 
Sect. III. Spheric, Geometry p. 135 
The conflruftion and demonſtration = 
af 37 caſes art. 60 to 82 
SECTION IV. Spheric T. igen 
met'y "I P. 145 
Definitions and Principles art. 82 
Secrion V. Spherical Theorems - 
p. 146 
Fifteen propoſitions art. go to 110 
—— o VL Solutions of right an- 
gled ſpberic triangles P» 152 
By two new rules art. 111 
By Napier's general rule 119 
Skxcriox VII. Solutron of oblique 


From Page 125 to Page 194. 


Synopſis of right an led ſpher. 127 
ynopfis of oblige — ober. 144 


Axioms 16]SEcTION VIII. Conftruttion and 
SECTION II. St-reographic prope- | calculation of the caſes of right 
fitions p. 128} angled ſpheric triangles p. 166 


Numeral examples art. 156 to 163 
Exam. of a quadrantal triangle 162 
SECTION IX. Confiruftion and 
calculaticn of the caſes of oblique 
angled ſpheric triangles p. 178 
Numeral examples art. 163 to 16 
SECTION X. Gontometric lines p.179 
Properties deduced art. 169 
Table of goniometric relation: 
171 to 210 
Variety of theerems 211 to 224 
Relation between the ſides and an- 
gles of ſpberic triangles 225 to 236 


| Rules when two fides and the 
cluded angle are known, to find 


angled ſobe ic triangles p. 157] the other an 207 
Wit 1 — 121 to — Rules when er are known — 
Given three ſides or three angles 125 | To find the natural fines of given 
| arcs; and the contrary p. 193 
BOOK V. ASTRONOMY, © 
From Page 195 to Page 329. 
SECTION I. Ser Aftronomy p. 195 | Of parallaxes Me art. 66 
Of the Solar Syflem — 1} The meaſure of the Earth 73 
Number of conſlellations and flars 6| Of the Moon | | 74 
Primary and ſecondary planets 12 79 
Annual and diurnal motion: 17 
22 orbits — 9» 11 H 3 p. are 
Elliptic orbits planets 2 efinitions and Principles art. 89 
Kepler”s laws 9 | - > A og — | 132 
ConjunfHions and oppoſitions 34 | To convert time into degrees, and 
Table of the ſolar em degrees into time 133 
©) the ſecondary planets Of the culminating of the flars 1 
Of the figury of the planets = 40| SECTION TV. Of the proettion of * 
Secr.11 Terreftrial ftronomy p. ac the ſphere - p. 220 
Of the direct, flationgry, and r- | Four projetiions on the four prin- 
tro rad: mitt „ Fr. K |: cirelas art. 135 
Phenomena of the inferior planets 75 SecT. V. Problems of the ſphere p 225 
Phen-men@ of the ſueriar planets 49 The confiruttion and numeral ſolu- 
Apparent motions of the Sun 50 © tion 25 prong 73910170 | 
Obliguity of the ecliptic . - 55| SECT. VI. To findthe latitude p. 242 
Of the different ſeaſons 86 i ſolution” of fifteen - 
Rig fing ond {ating of lars bs; 
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Fourteen other problems. for find- * 
ing the latitude 185 to D 


Sgcriox VII. Practical e 
p. 268 
Of, Hronomical inſtruments art. 20 
Of the Clock 20 
Of the Teleſcope 207 
Of the Micrometer 208 
Of the Duadrant 209 
Of the Tranſit Inflrument 210 
Of the Afirmomical Setter 212 


2 the rqual altitude inflrument 214 

adpuſt the check 215 
the change in the Sun's declin.216 
Vernier's dividing plate 219 

3 VIII. Elements. of the 


BOOK VL GEOGRAPHY, Sc. 
From Page 329 to Page 400. 


SrovION I. Defimtions and Prin- [ Sæcr. V. The uſe of the globes p. 346 
ci P- 329 T wwenty-two þ roblems on *% cele W 
the poles and circles art. 3| and Yrrefilal lobes art. to 7 

latitude and longitude 6, 9 BTC Io VI. 57 Winds p. 3 of 

iuiſſon of the Earth hy zones. 13 Air and Atmoſphere art. 78, 7 
Diviſion of the Earth by climates 17 Trade-winds and Monſoons to 84 
SECTION II. Natural divifion of | Dr. Halley's obſervations 8 
the Earth P- 730 Secriox VII, Of Tides p. 358 

Definitions art. 18 to 32 Of gravitation and attraction to 8 
Of continents and oceans 32, 33 Cauſe of the general tides art. 90 
SECTION III. Of the political di- The chief propoſitions on tides to 101 
viſion of the Earth p. 334| Of thetides about Britain 103 
2 and its er art. 35 | SECTION VIII. — p- 36% 
38 Of @ras or epachs art. 111 
71% 42 lian account or old fili 114 
erica 4b | Gregorian account, or new __ 1 4 

SEC, IV. Geographical problem,p. 3 e334 Of the Kalendar 

Cancer ning latitude and longitude | Ghronological problems. + wo 137 
5a to 54 Corgraphicl and tide table 137 
4 } 


You. II. BOOR VII. OF PLANE SAILING.” 
From Page 1 to Page 130, 8 


SECTION I. of Principle p. 1 
De + Aft, 1. 
— Ae 2 
Noture of maps 13 

Sect. II. Of the plane Uhert | p. 8 
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Sed r. IX Equation of time 


SECT. X. To make ſolar tables p. 293 


5 


fe, A in 7 ca 6 td 12 
Ssc riot III. Plane failing p. 6 
Definitions 1 
Rules for confiruttions 
Of the Traverſe table | 2 


i 


\ 
: * 
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p. 280 


Earth's motion 
Of mean motion and anomaly art. _ 
Of the different years 


Twelve problems relating to . 
Earth's motion 234 t0 255 

291 

Of the eta and W ay, 
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mariner's compaſs. A late 7ta/tan writer indeed contends, after 
many *, that the honour of the invention is due to Flavio Gieja of 
Amalfi in Campania, who lived about the beginning of the 14th cen- 
rury +, though others ſay it came from the Eaſt, and was earlier known 
in Europe t. However that may be, it is certain, this wonderful diſ- 
covery gave riſe to the preſent art of navigation; which ſeems to have 
made ſome progreſs during the voyages, that 'were begun in the year 
1420, by Henry Duke of Yiſeo\\. This learned Prince, brother to 
Edward King of Portugal, was particularly knowing in coſmography, 
and ſent for one maſter James from the iſland of Majorca, to teach navi- 
gation, and to make inſtruments and charts for the fea 5. 

Theſe voyages being greatly extended, the art was improved under 
the ſucceeding monarchs of that nation. For Roderic and Joſeph, phy- 
ficians to King John the Second, together with one Aartin de Bohemia 
a Portugueſe native of the iſland of Fayal, ſcholar to Regiomontanus about 
the year 1485, calculated tables of the Sun's declination, for the uſe of 
any" ſailors, and recommended the aſtrolabe for taking obſervations 
at lea, | 

The famous Chriflopher Columbus is ſaid, before he attempted the dif 
covery of America, to have conſulted Martin de Bohemia, with others, 
and during the courſe of his voyage to have inſtructed the Spaniards in 


I. has been much diſputed, to whom the world was obliged for the 
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* Suitable to that verſe of Pannormitana, 

Prima dedit nautis uſum magneti Amalphis, 
+ See Signor Gregorio Grimald:'s Difertacion on this ſubjeR in the Memoirs 
of the Etraſcas Academy of Cortona, tom. i:i. p. 193, printed at Rome 
in 1742. 
i Hifteire des Mathematiques, par M. Montucla, à Paris, 1758. 
1 Marian Hiſt, Hiſpan. lib. XX. cap. 11. and lib. xxvi. Cap. 17. Moguntiæ, 
FM O5 a 
$ Decados d' Aſia par J. di Burnos, lib. xvi. 5575 
4 Mafui Hittor, Indic. lib i. p. 6. printed at Florence in 1588. 
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navigation &; for the improvement of which art, the Emperor Charles 


the Fifth afterwards founded a lecture at Seville +. 

The variation of the ſea-compaſs could not be long a ſecret. Columbus, 
on the 14th of September 1492, obſerved it, as his ſon Ferdinand aſſerts , 
though others ſeem to attribute that diſcovery to Sebaſtian Cabot ||. 
And as this variation differs in different places, Gonzales d' Oviedi found 
there was none at the Azores d; where ſome geographers have thought. 
fit in their maps to make their firſt meridian to paſs through one of thoſe 
Hands; it not being then known, that the variation altered in time. 

The uſe of the Creſ-Staſf now began to be introduced — the 
Sailors. This very ancient inſtrument being deſcribed by Jahn Werner 
of Nuremberg, in his Annatations on the firſt book of Piolamys Geography, 
printed in 1514; he recommends it for obſerving the diſtance between 
the Moon and ſome ſtar, in order thence to determine the longitude. 
Werner ſeems to have been the greateſt geometer, as well as aſtronomery 
of the time. In 1522, he publiſhed a tract J, containing a ſpecimen of 
the conics, with ſome ſolid problems, and alſo he there determined the 
preceſhon ol the equinox more exactly than it had been done. 

But the art of navigation {til} remained very imperfect, from the 
conllant uſe of the plane-chart, the groſs errors of which muſt have often 
miſled the mariner, eſpecially in voyages far diſtant from the equator. Its 
precepts were probably at firſt only ſet down on the earlieſt ſea-charts, as 
that cuſtom is continued to this day; and larger directions have been 
uſually premiſed by the Dutch, to collections of their charts called 
Magoner's, from the name of the publiſher : The Dutch call theſe col- 
lections alſo by many other aſfeCted titles, ſuch as Fiery-Columns, Sea» 
Beacons, Mirrers, Atlaſſes, &c. 

At length there were publiſhed in Spaniſh two treatiſes, containing 
a ſyſtem of the art, which had a great vogue; the firſt by Pedro de Medina 
at Valladolid, 15:5, called Arte de Nauegar; the other at Seville, im 1556 
by Martin Cortes, with this title, Breve Compendio de {a Sphera, y de la 
Arte de Nauegar cen nucuos Inſlrumentos y Reglas. The author of this laſt 
tract ſays, he compoſed it at Cadiz in 1545. 

Theſe ſeem to have been the oldeſt writers, who had ſully handled 
this ſubject ; for Medina, in his dedication to Philip Prince of Spain, 
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* La Hiſtoria general y natural de las Indias par Gonzalles de Miedo, en 
Sevilla, 1535. And Deſcriptione de las Indias Occidentale,. ce Antonio de 
Herrera, en Madrid, 1601. | | 

+ Hackluyt, in the dedication of his fir volume of Voyages, printed in 1599. 

＋ In Columbus's life written in Saniſb, which is very ſcarce, but it was 
printed in Italian at Venice in 1571. , 

See Livio Sanuro's Geographia, at the ſame place in 1595. Dr. W:Uam 
G. bert, de Magnete, London, 1600 ; and Purchas's Pilgrim, in 1625, vol. I. 

$ Caleb, a Feretian by birth, firſt ſerved our King Henry the ſeventh, then 
the King of Spain, and laſlly, returning to England, he was conſtituted grand, 
pilot by King Edward the Sixth, with an annual ſalary of above 160 pounds, 
Of this ſamous navigate and his expeditions, many writers have made men— 
tion both torelguers and Engl:fp, as Pier MWuriyr, Ramuj#0, Herrera, Helin. 
Lord Bacon, and particularly Hackluys and Purchas, in their Collections of 
Vovages, | 

4 Opera Iiioumatica at Nurenberg, in quarto. 
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laments, that multitudes of ſhips daily periſhed at ſea, becauſe there 
were neither teachers of the art, nor books by which it might be learnt; 
and Cortes, in his dedication, boaſts to the Emperor, that he was the 
firſt who had reduced navigation into a compendium, enlarging much on 
what he had performed “. 

Medina gave ridiculous directions, how to gueſs at the place of the 
horizon, when it could not be ſeen; as alſo he defended the errors of 
the plane-chart, and advanced againſt the variation of the magnetic 
needle ſuch abſurd arguments, as Ariſtotle and his followers had done 
to prove the impoſſibility of the Earth's motion, But Cortes briefly and 
clearly made out the errors of the plane-chart,, and ſeemed to reflect on 
what had been ſaid againſt the variation of the compaſs, when he ad- 
viſed the mariner rather to be guided by experience, than to mind ſubtle 
reaſonings. Beſides he endeavoured to account for this variation, in 
imagining the needle to be influenced by a magnetic pole (which he 
called the point attraCtive) different from that of the world, and this 
notion has been farther proſecuted by others. 

However, Medina's book, being perhaps the firſt of its kind, was 
ſoon tranſlated into Italian, French, and Fizmiſh +, ſerving for a long time 
as a guide to navigators of foreign countries. 

But Cortes was our favourite author, a tranſlation of whoſe work by 
Mr. Richard Eden was, on the recommendation of that great navigator 
Mr. Steven Burrough, and the encouragement of the Society for making 
diſcoveries at ſea, publiſhed at Lendon in 1561; which underwent 
various impreſſions r, whilſt that of Medina, though tranſlated within 
twenty years after the other, ſeems to have been neglected, notwith- 
ſtanding the encomiums beſtowed on it by Mr. John Frampten, the 
tranſlator, 

A ſyſtem of navigation at that time conſiſted of ſome ſuch particulars as 
theſe: an account of the Pialemaic hypotheſis, and the circles of the ſphere; 
of the roundneſs of the Earth, its longitudes, latitudes, climates, and 
eclipſes of the luminaries ; a kalendar; how to find the prime, epact, 
&c. and by the laſt the Moon's age, and thence the tides ; a deſcription 
of the ſea· compaſs, not forgetting the load-ſtone, with ſomething about 
the variation, called its north-caſting and norch-weſting for the diſ- 
covering of which, by night as well as by day, Cortes ſaid, an inſtrument 
might be eaſily contrived ; tables of the Sun's declination tor four years 9, 
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The learned Don Nele Antonio, in his Billiotheca Hiſpanica, printed at 
Rome in 1672, tom. i. p. 323. puts down a book, intitled, Travade de la 
Opera y del marcar con el regimento de las alturat, written by Franciſco Falere, 
a Peringurſe, and printed at Seville in 1535 ; but perhaps there is a miſtake 
in the date, He alſo mentions an edition of Cortes in 1551. | 

+ The 1talian and French tranſlations were printed in 1554, the firſt at 
Venice, the other at Lyons; the Flemifp edition, I have ſeen, was at Antwerp 
in 1550; perhaps it had been prirted before, 

{ In the latter editions ſome miſtakes in the tranſlation are corrected. 

$ Cortes ſets down the places of the Sun for a twelvemonth, with an equa- 


; tion-table to correct thoſe. places, ferving for many years to come; and, alſa 


another table to find the Sun's declination from his longitude being given. 
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in order to find the latitude, from his meridian altitude; to do the ſame 
thing by thoſe called the guard-ſtars in the north, and the croſiers in the 
ſouth ; of the courſe of the Sun and Moon; the length of the days; of 
time and its diviſions; to find the hour of the day, and by the * 
that of the night; and laſtly, a deſcription of the ſea- chart, on which to 
diſcover where the ſhip is, they made uſe of a ſmall table, that ſhewed 
upon an alteration-of one degree in the latitude, how many leagues were 
run on each rhumb, together with the departure from the meredian. Be- 
ſides ſome inſtruments were deſcribed, eſpecially by Cortes ; as one to 
find the place and declination of the ſun, with the days and place of the 
Moon; certain dials, the aſtrolabe and croſs: ſtaff, with a complex ma- 
chine to diſcover che hour and latitude at once. 

And after this manner the art continued to be treated, though from 
time to time were made improvements by the following authors. 

As Werner had propoſed to find the longitude by obſervations on the 
Moon; ſo Gemma Friſius, in a tract intitled De Princigii Aflronemiee et 
C:ſmographie, printed at Antwerp in 1530, adviſed the keeping of the 
time by means of ſmall clocks or watches for the ſame purpoſe, then, as 
he ſays, lately invented. He alſo contrived a new ſort of croſs- ſtaff, 
which he deſcribes in his treatiſe De Radio A/tronomico et Geometrico printed 
at the ſame place 1545, and in his additions to Peter Apian's Coſmography, 
gives the figure of an inſtrument, he calls a Nautical Quadrant, as 
very uſeful in navigation, promiſing to write largely on the ſubject 
accordingly, in an edition he made anne 1553, of his above mentioned 
book De Principiis Aftronomie, &c. he delivers ſeveral nautical axioms, 
as he calls them, which with ſome alterations were repeated by his ſon 
Cornelius Gemma, in a poſthumous piece of his father on the Univerſal 
Aſtrolabe, publiſhed in 1556. Gemma Friſius died in 1555, aged 45 years, 

With us Dr. William Cunningham, in his Coſmographical Glaſs, printed 
in 1559, amongſt other things briefly treats of navigation, eſpecially 
ſhewing the uſe of the Nautical Quadrant, much praiſing that inſtrument. 

But a greater genius than thele undertook this ſubject; for the famous 
mathematician Pedro Nunez, or Nonius, having ſo early as 1537 pub- 
liſhed a book written in the Portugueſe language, to explain a difficulty 
in navigation propoſed to him by the commander Don Martin Aiphanſo 
de Suſa; which was thirty years after printed at Baſil, in Latin, with the 
addition of a fecond book, the whole intitled de Arte et Ratione Navi- 
gandi; where he expoſes both truly and learnedly the errors of the plane- 
chart; and beſides gives the ſolution of ſeveral curious Aſtronomical Pro- 
blems, amongſt which is that of determining the latitude from two ob- 
ſervations of the Sun's altitude and the intermediate azimuth being given. 
He alſo delivers many uſeful advices about the art of navigation, par- 
ticulatly how to perſorm its operations on the globe. He obſerved, that 
though the oblique rhumbs are ſpiral lines, yet the direct courſe of a ſhip 
will always be the arch of ſome great circle, whereby the angle with the 
'meredians will continually change; all that the ſteerſman can here do 

for the preſerving of the original rhumb is to correct theſe deviations, 
as ſoon as they appeæ ſenſible. But thus the ſhip will in reality deſcribe 
a courſe without the rhumb-line intended; and therefore his calculations 
for aſſigning the latitude, where any rhumb line croſſes the ſeveral me- 
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ridians, will be in ſome meaſure erroneous. He alſo again ſets down his 
method of diviſion of a quadrant by concentric circles*, which he had 
deſcribed in his ingenious treatiſe de Crepuſculis, printed in 1542, ima- 
gining it had been practiſed by Ptolemy. There were alſo added other 
tracts of his, but the completeſt edition of his Latin works was made 
by himſelf at Coimbra in 1573. His treatiſe of Algebra, written in Spa- 
niſb, was printed at Antwerp fix years before. 

In 1577 Mr. William Bourne publiſhed his treatiſe +, intitled, A Re- 
giment for the Sea, which he deſigned as a ſupplement to Cortes, whom 
he frequently quotes. Beſides many things common with others, Bourne 
gives a table of the places and declinations of thirty-rwo principal ſtars, 
in order to find the latitude and hour; as alſo a larger tide-table than 
that publiſhed by Mr. Leonard Digges, in 1556 f. He ſhews, by con- 
ſidering the irregularities in the Moon's motion, the errors of the ſailors 
in finding her age by the epact; and alſo in their determining the hour 
from obſerving upon what point of the compaſs the Sun and Moon ap- 
peared. He adviſes in failing towards high latitudes to keep the rec- 
koning by the globe, as there the plane chart errs moſt. He deſpairs of 
our ever being able to find the longitude by any inſtrument, unleſs the 
variation of the compaſs ſhould be cauſed by ſome ſuch attractive point, 
as Cortes had imagined. Though of this he doubts, and as he had 
ſhewn how to find the variation of the compaſs at all times, he adviſes to 
keep an account of the obſervations, as uſeful to diſcover thereby the 
place of a ſhip; which advice the famous Simeon Stevin proſecuted at large 
in a treatiſe publilhed at Leyden in 1599 intitled Partuum inveſligandorum 
Ratio Hetaphraſto Hugone Grotio; the ſubſtance of which was the ſame 
year printed at London, in Engliſh, by Mr. Edward Wright, intitled The 
Hevenefinding Art. - 

But the moſt remarkable thing in this ancient tract is, the deſcribing of 
the way by which our ſailors eſtimated the rate a ſhip made in ber courſe, 
by an inſtrument called the /og. This was ſo named from the piece of 
wood, or log, that floats in the water, while the time is reckoned during 
which the line that is faſtened to it is veering out. The author of this 
device is not known, and I find no farther mention of it till 1607, in an 
Eaſi-India voyage, publiſhed by Purchas ; but from that time its name 
occurs in other voyages, that are amongſt his collections. And hence- 
forward it became famous, being taken notice of, both by our own au- 
thors, and by foreigners ; as by Gunter in 1623, Snellius in 1624, NA. 
tius in 1631, Oughtred in 1633, Herigone in 1634, Saltonſtall in 1636, 
Norwood in 1637, Fournier in 1643; and indeed by almoſt all the: 
ſucceeding writers on navigation, of every country. And it continues 
to be {till in uſe as at firſt, though attempts have been often made to im- 
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The admirable diviſion, now ſo much in uſe, is a very great improvement 

of this z ſo that when the famous Dr. E1mund Halley, the Royal Aſtronomer, 

revived that by adapting it to his Mura! Auch, ſome body here named it 

A Nonius, in which he has been followed by many. | . 
+ He had ten years before publiſhed what he calls Rules of Navigationg 

az appears from his Almanac, printed in 1571. 

+ 1n his treatiſe intiiled, 4 Progn:/tication everlaſting, fol. 23. 
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prove it, and other contrivances propoſed to ſupply its place. Many of 
theſe have ſucceeded in quiet water, but proved uſeleſs in a troubled Sea. 
A following edition of this book was reviſed by the author, where, in 
the preface, he ſets forth the groſs ignorance of the old ſhip maſters, re- 
peating ſome of the inſipid jeſts they made uſe of to juſtify their want of 
knowledge in their art. Amongſt the additions, he enlarges on the ac- 
count of the log- line. And at the end ſubjoins an Hydregraphical Diſ- 
_—_ touching the five ſeveral Paſſages into Cathay, 

ourne publiſhed other tracts, as one called Indentions or Deviſes, 
where he deſcribes a method by wheel-work of meaſuring the velocity of 
a ſhip at Sea, which artifice he attributes to one Mr. Humfrey Cole. 

At Antwerp, in 1581, Michael Coignet, a native of the place, publiſhed 
a {mall treatiſe intitled, Inſiructian nouvelle des Points plus excellents & 
neceſſaires touchant PF Art de Naviger *. This ſerved as a ſupplement to 
Medina, whoſe miſtakes Ceignet well expoſed. He there ſhewed, that 
as the rhumbs are ſpirals, making endlets revolutions about the poles, 
numerous errors muſt ariſe from their being repreſented by ſtraight lines 
on the ſea- charts; and expreſſed his hopes of diſcovering a rule to remedy 
thoſe errors; faying, that moit of the ſpeculations, delivered by the 
great mathematician, Peter Nonius, for that purpoſe, were ſcarce 
practicable ; and therefore in a manner uſeleſs to ſailors. In treating of 
the Sun's declination, he took notice of the graduai decreaſe in the ob- 
liquity of the ecliptic, a point long diſputed, but now ſettled from the 
theory of attraction. He alſo deſcribed the croſs-ſtaff with three tranſ- 
verle pieces, as it is at preſent made, which he acknowledged to be then 
in common uſe amongſt the mariners; but he preferred that of Gemma 
Friſius. He likewiſe gave ſome inſtruments of his own invention, which 
are now quite laid aſide, except perhaps his nocturnal. As the old ſea- 
table, mentioned above, erred more and more in advancing towards the 
poles ; he ſet down another to be uſed by ſuch as ſailed beyond the 6oth 
degree of latitude. At the end of the book is delivered a method of 
ſailing on a parallel of latitude by means of a ring dial, and a 24 h 
glaſs; on which the author very much values himſelf. 

The ſame year Mr. Robert Norman + publiſhed a diſcovery, he had 
long before made, of the dipping of the magnetic needle, in a ſmall 
pamphlet called The Nette Attradtiue, where he ſhews how to determine 
its quantity; and in ſpeaking of the loadſtone, he diſputes againſt Cortes's 
notion, that the variation of the compaſs was cauſed by a point fized in 
the heavens, contending that it ſhould be ſought for in the earth, and 
propoſes how to diſcover its place. He alſo treats of the various ſorts of 
compaſſes, ſetting forth at large the dangers that muſt ariſe from the 
then prevailing practice of not fixing, on account of the variation, the 
wire directly under the f:wer-de-luce; as compaſſes made in different 
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lt had been publthed in Flemiſb, but the French edition is the fulleſt. 
Ceignet died in 1623, leaving many mathematical 'mwnuſcripts, ſee Yalerii 
Aude Biblioibeca Belgica, printed at Lowwa'n in 1643 
+ Reis commended for an excellent Artiſt by our authors, as Bourne, Bur- 
rough, Sir Humfrey Gilbert, Hues, Potter, Blundevillt, Ii right, and Dr. Gil» 


Ile J. 


countries 


* 


_— * 
- 


l 
2 f 8 . 2 


| 


— WF. £..ilM..4z ck 


or NAVIGATION. vii 


countt ies have it placed differently. Bourne indeed had warned againſt 
this abuſe, and there are many things common to both authors. 

To Norman's piece is always ſubjoined, Mr. William Burrough's D. 
courſe of the Variation of the Cumpaſs or Magneticall Needle. The author 
had been a famous navigator, Having ufed the ſea from fifteen years of 
age, and for his merit promoted to be Controller of the navy by Queen 
Elizabeth . He ſhews how to determine the variation ſeveral ways, 
ſetting down many obſervations of it made by an azimuth-compaſs of 
Norman's invention, but improved by Himſelf. He demonſtrates the 
falſhood of the rules commonly uſed, to find the latitude by the guard- 
ſtars. He particularizes many errors in the then ſea-charts, occafioned 
by the neglect of the variation ; adding, But of theſe coaftes (towards the 
north), and of the inwarde partes of the countries of Ruſſia, Muſcovia, &c. 
I have made a perfect plat and deſcription, by myne owne experience in ſundrie 
voiages and travailes, bethe by ſea and lande to and ſi in thoſe partes, which 
I gave to her Majeſtie in anno 1578. And laſtly, he juſtly finds fault 
with Czignet's inſtrument, called a nautical hemiſphere ; but ſpeaks too 
ſcrerely againſt the writers of navigation, concluding thus, 

But as I haue alreadie ſufficientlie declared, the cumpas fheweth not alwaies 
the pole of the worlde, but uarieth from the fame diverſly, and in ſayling de- 
ſeribeth circles accordyngly. TYoiche thing, if Petrus Nonius, and the reſt 
that haue written of Navigation, had jointlie conſidered in the tratlation 4 
their rules and Inſtruments, then might they haue been more audileabie ta the 
uſe of Navigation; but they percei vyng the d:fficultie of the thyng. and that if 
they had dealt therewith, it would have utterly overwhelmed their former plau- 


fible conceits, with Pedro de Medina (who, as it appeareth, hauvng ſome 


ſmall ſuſpicion of the matter, reaſeneth very clerkly, that it is not neceſſary that 
ſuch an abſurdity as the Variation, fuld be admitted in ſuch an excellent art 
as Navigation is) they haue all thought beſt to'poſſe it over with ſilence. | 

The Spaniards too continued to publiſh treatiſes of the art, particularly 
at Seville was printed in 1585 an excellent Compendium by Rederico Za- 
norano; Which is written clearly and with brevity, not being incumbered 
with ſuch idle ſpeculations as abound in Medina and Cortes. The author 
was Royal Lecturer =: S:ville, and contributed much to the reforming 
the ſea charts; as we are told by his ſucceflor, Anares Garcia de Ceſpedes, 
who alto publiſhed a treatiſe of navigation at Madrid, in 1606. - | 

As globes may be very ſerviceable for the mariner, Mr. Edward Mul- 
lineux tet forth in 1592, at the charges of Mr. Milliam Sanderſon mer- 
chant +, a pair much larger than thoſe the famous geographer Gerard 
Mercator publiſhed in 1541. On the terreſtrial one were deſcribed many 
new diſcovered countries, and traced ont the reſpective voyages round 
the world by Sir Prancis Drake in 1577, and Mr. Themas Candiſb in 
1556, with the progreſs Sir Martin Frobiſter had made towards the 
north in 1576, to a place called his Straits. | 
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* Hackluyt's Voyages, vol. i. p. 417. printed in 1599. * 
+ Mr. Sanderſon was commended for his knowledge as well as generoſity 
to inge nious men. N 
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Theſe globes were accompanied with a tract containing their uſes 
written in Exgliſb; but in 1594 Mr. Robert Hues publiſhed a more 
elaborate one in Latin; wherein, amongſt others, he ſolves by the globe 
the problem of determining the latitude from two heights of the Sun ob- 
ſerved with the intermediate time being given“; and in the laſt part of 
his book, he performs the uſual queſtions in navigation, premiſing a diſ- 
courſe on the rhumb-lines, where he attempts to refute what Gemma 
Frifius had afſerted, who ſays, that they meet in the poles, At the 
concluſion he highly praiſes a treatiſe of Mr, Thomas Hariot, hoping it 
would be ſoon publiſhed, in which that author had treated of this ſub- 
ject upon geometrical principles, with great ſagacity and judgment. But 
all the manuſcripts of that great mathematician were loſt, except his 
Artis Analytice Praxis, which was publiſhed long after his death in 
1631; wherein is firſt advanced that idea of algebraic equations, which 
has been ever ſince followed. 

Hues + was a perſon of letters, and beſides had been far at ſea. Amongſt 
other curious particulars, he gives a good account of the attempts that 
had been made at various times to meaſure the Earth. In the Epiſile ta 
Sir Walter Rawley he takes an occaſion to enumerate the many diſcoveries 
of our mariners in very different parts of the world. His book was re- 
ceived with great applauſe, and has been indeed a pattern for ſuch as 
afterwards handled the ſame ſubject It has been often printed abroad, 
particularly in 1617 with the notes of John Iſaac Pontanus, who omitted 
the Epiſile and the mentioning of Hariot. However from this mutilated 
edition it was tranſlated into Englih by one Mr. John Chilmead and pubs» 
liſhed in 1639. 

Amongſt our failors none were more famous than Captain John 
Davis |, who gave name to the ſtraits which he diſcovered ; and great 
matters were expected from his long experience and ſkill, In 1594 he 
publiſhed a ſmall treatiſe, intitled, Tke Seaman's Secrets, This is writ 
with brevity, though ſomewhat pedantically, and was eſteemed in its 
time, an eighth edition being printed in 1657; ſo that it ſeems to have 
ſupplanted Cortes. Davis treats of plane failing, calling it horizontal, 
and ſets down the form of keeping a reckoning at Sea. He likewiſe 
ſhews how to fail by the globe, and boaſts of what he intended to do; 
much commending great ciicle ſailing, without deſcribing it, as alſo 


* 'This problem has been diſcuſſed by Dr. Henry Pemberton, in the Philo- 
ſophical TranſaQtions, vol, li. part zd. 1760, p. 910, where he has alſo 
given ſome improvements in trigonometry. 

+ There is an account of Has and Harirt in Autbeny Mrs Alben. Oxon, 
vol. i printed in 1721, as being both members of that Univerſity. 

1 Several of his voyages are in Hocklu;/'s and Purchas's collections. He 
and Captain Avraham Kendal are greatly praiſed by Sir Robert Dudley, in his 
Arcane del Mare, as keeping a perfect reckoning by the way of longitude and. 
latitude, where are given two of their Journals. This Dudly was a natural 
ſon of the great Earl of Leiceſfer, and had commanded, in 1594, a fleet 
againſt the Spaniard: ; but retiring to Florence, he aſſumed the titles of Duke 
of No. thumberland and Earl of J} arwvick. His Arcane was printed at that 
place in two volumes, in 1646 and 1647. 


what 


rin . ti. 


4 ac, » . VYwWW oF TY FoFY 


kw wo ID w * 9 2 7 IF or 


or NAVIGATION. is 


what, he calls paradexal; that is, by a projection on the plane of the 
equator with ſpiral rhumbs, ſaying, be will publiſh a chart for that 
purpoſe. But above all, he extols the uſe of calculations in the caſes of 
navigation, and promiſes to handle that ſubject, r. . 
At the end of the book is given the figure of a ſtaff of his contrivance, 
to make a back obſervation, Of this the author is ſo vain as to ſay, Then 
which inſtrument (in my opinion) the as ſhall not finde any ſo good, and 
in all clymates of ſo great certaintie, the invention and demonſtration whereof, 
1 may boldly challenge to appertain unto my ſelſe (as a portion of the talent which 
Cod hath beſtotved upon me) ¶ hope without abuſe or offence to an. 

This inſtrument ſeems to have for ſome time been in uſe; for Adrian 
Metius in his treatiſe intitled A/tronomiae Inſtitutio, printed in 1605, gives 
a figure of it from an original, in the poſſeſſion of M. Frederic Hautman, 
governor of Amboyna. But it ſoon yielded to one of a more commodious 
form, which is now commonly called Davis's Quadrant x; as if it was 
alſo of his invention, and that perhaps only becauſe a back obſervation 
is made by both. inſtruments, ſo the quadrant itſelf was at firſt ſtyled a 
a, Ta. 5:77 EEC + 
: The famous traveller Signor Pietro della Valle paſſing, in 1623, from 
Ormus to Surat aboard an Engliſh veſſel, whiete obſerving this quadrant 
much ptactiſed by the ſeamen, as it was quite new to him, takes an 
occaſion to ſhew its uſe very diſtinctly, and uy they told him, that 
it had been lately invented and called David's Staff + from its authors 
Alſo Captain Charles Saltonſtall, in his Navigation, deſcribes it under 
the name of a Back-/taff'; and in Captain Thomas Fames's famous voyage 
for diſcovering a north-weſt paſſage, begun in 1631, amongſt the many 
inſtruments, he carried along with him, are mentioned two of Mr, 
Davis's Back-ſtaves, which were doubtleſs theſe quadrants. x 

Contemporary with Davis was Mr. Richard Polter, who, it is aid, 
had been a principal maſter aboard the Royal Navy. He wrote a very 
ſmall book intitled The Pathway to Perfeft Sailing, where, from an o 
ſervation he made in 1586, he would infer , that different loadſtones 
communicated different degrees of variation to the magnetic needle, and 
therefore deſpiſes the publiſhing obſervations of that kind, as needleſs. 
His book was not printed till 1644, nor did it deſerve to be publiſhed 
at all, as it abounds with miſtakes, and is written fantaſtically, obſcure- 
ly, and arrogantly. + 

But all this while the plane-chart, notwithſtanding its errors were 
frequently complained of, continued to be followed ; as its uſe is eaſy, 
and ſeryes tolerably well in ſhort voyages, eſpecially near the equator. 
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lt is called by the French Quarlier Anglois. 

+ David Staff, che in lingua Ingleſe vale a dir lignodi David, Viaggi; Part 
3. Leiter 1. à Roma, This author not only praiſes the Captain Nicholas Wood- 
cock, and other officers, but alſo the common ſailors, for their care and ſkill; 
and ſays, the Portugue/e loſe great number of ſhips for not being ſo exact in 


their obſervations as the Engliþh. 


1 Perhaps he ſhould have thence concluded the variation altered, as was 
diſcovered afterwards, 


Howevet, 


Xx DIS SERTATION ON TAE RISE, &c. 


However, a way to remedy theſe errors had, for ſome time, been 
inquired after. And Gerrard Mercator ſeems to be the firſt, who con- 
ceived the means of effecting this, in a manner convenient for ſeamen, 
by continuing to repreſent both the meridians and parallels of latitude 
by parallel ſtrait lines, as in the plane-chart, but gradually augmenting 
the diſtances between the degrees of latitude in advancing from the 
equator towards cither pole, that the rhumbs alſo might be extended into 
ſtraight lines, fo that a ſtraight line drawn between any two places, laid 
down in this chart by their longitudes and latitudes, ſhould make an 
angle with the meridians, expreſſing the rhumb leading from one to the 
other. But though Mercator, in 1569, ſet forth an univerſal map thus 
conſtructed *, it does not appear upon what principles he proceeded ; 
probably, by obſerving in a globe furniſhed with rhumbs, what meri- 
dians the rhumbs paſſed at each degree of latitude, That he knew not the 
genuine principles, I ſhall make evident; our countryman, Mr. Edwarg 
Fright, was certainly the firſt who diſcovered them, | 
Wright infinuates, but without ſufficient grounds, that this enlarge- 
ment of the intervals between the parallels had been ſuggeſted before by 
Cortes , and even by Ptolemy himſelf. 1 
As to Cortes, he ſpeaks of the number of the degrees of latitude, and 
not the extent of them : for his expreſhon amounts to no more than this, 
that the degrees of latitude are to be numbered from the equator, and 
conſequently both northwards and ſouthwards from that line the num- 
bers, affixt to them muſt continually increaſe; and from any place having 
latitude (ſuppoſe Cape St. Vincent in Spain, which is his inſtance) the 
degrees of latitude will be denoted by numbers increaſing towards the 
pole, and decreaſing towards the equator, He had before expreſsly di- 
rected, that they ſhould be all equal by meaſurement on a ſcale of Jeagues 
adapted to the map , SO: 
Ihe paſſage in Ptolemy ||, referred to by FYrighty, does indeed relate 
to the proportion between the diſtances of the parallels and meridians, 
| but contains no ſhadow of Mercator's ſcheme :; for inſtead of propoſing 
any gradual enlargement of the diſtances of the parallels in a gener 
chart; that paſſage relates only to particular maps, and is more diſtinctlyx 
| explained in the firſt chapter of his laſt book; where he adviſes explicitly 
not to confine a ſyſtem of ſuch maps to one and the ſame ſcale, but to plan 
them out by a different meaſure, as cecaſion ſhall require, with this only 
caution, that the degrees of longitude ſhould in each bear in fome mea- 
ſure that proportion to the degrees of Jatitude, which the magnitude of 
the reſpeCtive parallels bear to a great circle of the ſphere ; and ſubjoins, 
that in particular maps, if this-proportion be obſeived in regard to the 


hs — —— — 
— ED — 
INES —— -t- 


— — 


* AM. So 


Li 


— — — 
—— — — ͤ —œ f ü õ—— 
— — — 


—— thn cn 


See his life, written by his intimate friend, Gaulteru; Ghymmius, which 
was prefixed to an Enlarged edition of his Atlas, publiſhed at Daiburs, in 
1593. by Rumeigus his fon, a year after hls father's death, Gerrard Mercator 
was born in 1512. «4 

See the 2d chapter of 7" :24h1's book, 

i Part zd. cap. 2d. fol. 58. Gecgrapb. lib, 11, cap. 1. 

§ In an advertiſement ſet down on his univerſal map, at the end of his ſe- 
| cond edition of his book; and in this miſtake he has been followed by others, 
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middle parallel, the inconvenience will not be great, though the me- 
ridians ſhould be ſtraight parallels to each other ; wherein his defign 
is plainly no other, than that the maps ſhovld in ſome ſort repreſent the 
figures of the countries they are drawn for. Mercator, who drew maps 
for Ptolemy's tables ; underſtood him in no other ſenſe, thinking it an 
improvement not to regulate the meridians by one parallel, but by two: 
one diſtant from the northern, and the other from the ſouthern extremity 
of the map by a fourth part of the whole depth; whereby in his maps, 
though the meridians are ſtraight lines, they are generally drawn in- 
clining to each other towards the pole, 2 * 
But Mercator's univerſal map, mentioned above, though the author de- 
ſgned it for the benefit of ſailors, was ſo far from being readily adopted, 
that ſome of the moſt ſkilful amongſt them objected to its uſefulneſs. 
Thus Mr Burrough ſays of it—By augmenting his degrees of latitude to- 
wards the poles, the ſame is more fitte for ſuche to beholde, as fludie in 
o/mographie, by readyng authors upon the lande, then to be uſed in Na- 
vigation at the ſea, | ; | py 
And Mr. Thomas Blundeville, in his Briefe Deſcription of Univerſal 
Mappes and Cardes, firſt printed in 1589, gives an account of this map, 
obſerving that Barnardus Puteanus of Bruges had publiſhed, in 1579, one 
altogether like it. And though Blundeville is ſo particular, as to ſet 
down numbers expreſſing the diſtances between each parallel of latitude 
in thoſe maps, yet he ſeems to ſlight them, by ſaying, that no better rules. 
than thoſe __ by Ptolemy can be deviſed, But what is delivered by 
this geographer about the conſtruction of a general map, is a very in- 
different performance, altogether unworthy the author of the Almageſt, 
and not in the leaſt correſponding with the ſagacity ſhewn in two trea- 
tiſes on the Plan/phere and Analemma, which the Arabians have handed 
down to us as Prolemy's Tr. | ont 
 Maginus allo, at the end of his Geographia Univerſa, (the former part 
of which is a tranſlation of Ptolemy's) firſt printed at Venice, in 1596, 


. mentions this map of Mercator, and gives even a ſketch of it; but ſeems 


to have no diſtinct conception of the author's defign, 
That Mercator's map was not rightly deſcribed, is manifeſt from the 
numbers given by Blundeuille; and that he was ignorant of a genuine 
method of dividing the meridian, appears from a paſſage in his life, 
where the writer ſays, Mercator often aſſured him, that this extending a 
ſphere into a plane anſwered to the quadrature of the circle, as that 
nothing ſeemed to be wanting but the demonſtration. ' | 
However, our authors now began to entertain favourable thoughts of it, 
perhaps from the report that Mr, Mrighit was about to treat on that ſubject, 
Dr. Themas Hood, to the firſt edition which he gave of Bourne's Regiment 
in 1592, added a Dialogue of his own, called The Mariner's Guide, writ- 
ten only to ſhew the ule of the plane chart, where he acknowledges and 
ſets forth its errors, and highly praiſes Mercator's, ſaying, he had com- 


| RS: . 7 N 74 
* In an edition he made of Pfelemy's Geography, in 1584. 


f Theſe were publiſhed by Fed. Commandinuz, one at Venice, in 1518, the 
Other at Rome, in 1 562, | | 0 
poſed 
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poſed a treatiſe concerning it; but the indiſtinct account he gives 
thereof, ſhews it would not be this author's lot to render it fit for the 
uſe of navigation. And Mr. Blundeville, in the following editions of 
his above mentioned tract, omitted the commendation he had given of 
Ptolemy's method of delineating an univerſal map. 

Mercator's ſcheme was not indeed contrived for repreſenting the parts 
of a country in a Juſt proportion to each other; but is appropriated to 
the uſe of mariners, who ſail upon rbumbs by the guidance of the com- 
paſs 3 which our countryman, Mr. Edward right, perteted®*, by diſ- 
covering a true way of dividing the meridian. An account of this he 
ſent from Gaius college, in Cambridge, where he was then a Fellow, to his 
friend the above-mentioned Mr. Blundeville, containing a ſhort table for 
that purpoſe, with a ſpecimen of a chart ſo divided, together with the man- 

er of dividing it. All which Blundeville publiſhed, in 1594, amongſt his 
SENG. in that part which treats of nayigation +; where he bas well 
delivered what had been before written on that art; inſomuch that his 
book was long in great repute, a ſeventh edition having been printed in 
1636. To the ſecond edition, Anno 1606, and following ones, was 
added his former diſcourſe of univerſal maps. „ 

In 1597, the Reverend Mr. William Barkwe, in his Navigater's 
Supply, gave a demonſtration of this diviſion as communicated by a friend ; 
ſaying, This manner of carde has been publiquely extant in print theſe thirtie 
yeares at leaſi , but a cloude (as it were) and thicke miſte of ignorante doth. 
keepe it hitherto concealed : And ſo much the more, becauſe ſome who wert- 
reckoned for men of good knowledge, have by glauncing ſpeeches (but 
never by any one reaſon of moment) gone about what they could to diſ- 

race it, ny: 4 | | 

This book of Barlow?'s contains deſcriptions of ſeveral inſtruments for 
the uſe of navigation; the principal of which is an azimuth-compaſs, with 
two upright ſights 5; and as the author was very curious in making ex- 
periments on the loadſtone, he diſcourſes well and largely on the ſea- 
compaſs; and ſtill farther handles that ſubject in a tract he publiſhed 
ſome years after, intitled, Magnetical Advertiſements. | | 

At length, in 1599, Mr. Wrigbt himſelf printed his famous treatiſe, 
untitled, The Correci ion of certain Errors in Navigation, which had been 
written many years before; where he ſhews the reaſon of this diviſion , 
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* Some of our modern writers have ſaid, Mercator took the hint from 
Wright, but that is a miſtake; for Mercator's map was publiſhed thirty years 
before Wright's book, who frequently refers to it. See Edward Shber«: 
burn's dee of the firſt book of Manilius, in 1675, p. 86. 

Chap. 29. 
"7 He ould have ſaid 28 only. 

Many of theſe inſtruments are in the Arcane de! Mare, together with the 
demonſtration above mentioned. | N 

Maps with their meridians thus divided had been publiſhed at Aaſferdam 
by Jodocus Hondius, whd, hen in London, working as an engraver, learnt the 
manner of doing it from Mr, }right's Manuſcript; the fourth chapter of which 
be had tranſcribed into one of his maps. Hondius afterwards in his letters, 
both to Mr. Briggs, and alſo to Mr, 715, begged pardon for not having 

acknow- 
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the manner of conſtructing his table, and its uſes in navigation, with 
other improvements: A book, as Dr. Halley ſays, well deſeſerving the 
peruſal of all ſuch as deſign to uſe the ſea x. : | 9524/8 

In the preface, Mrigbt complains of the obſtinacy of our mariners, 
for not liking an improvement in their art, ſaying, that they were like 
thoſe whoſe ignorance Maſter Bourne had expoſed, repeating Bourne's 

ords. | 

Pl Though this great improvement in navigation by Vrigbt has been 
embraced and followed by all proper judges ; yet ſome undiſcerning 
perſons have of late, even amonglt us, found fault with it, particularly 
Henry Wilſon, author of a Treatiſe on Navigation, by a propoſal for a 
curvilinear ſea-chart, in 1720; and the Rev. Mr. West, of Exeter, in a 
poſthumous piece, printed in 1762. But their cavi/s were ſufficiently 
obviated ; thoſe of the firſt by Mr. Haſelden, in his Mercator's Chart, 
and in his Reply, both printed in 1722 3 and of the ſecond, by Mr. 
William Mountaine, in the Philoſophical Tranſactions, vol. LIII. p. 69. 
Anno 1763.” : 

In os a ſecond edition of Mr, Wrigbi's book was publiſhed, and 
dedicated to Prince Henry, his royal pupil , where the author inſerted 
farther improvements ; particularly, he propoſed an excellent way of de- 
termining the magnitude of the Earth ; at the ſame time recommend- 
ing, very judiciouſly, the making our common meaſures in ſome ſettled 
proportion to that of a degree on its ſurface, that they might not depend 
on the uncertain length of a barley-corn. 

Some of his other improvements were ; The Table of Latitudes for 
dividing the meridian, computed to minutes; whereas before it was but 
to every tenth minute, and the ſhort table ſent by him to Blundeville to 
degrees only: An Inſtrument, he calls the Sea-rings, by which the va- 
riation of the compaſs, altitude of the Sun, and time of the day, may be 
determined readily at once in any place, provided the latitude be 
known: The correcting of the errors ariſing from the excentricity ot 
the eye in obſerving by the crofs ſtaff; A total amendment in the 
Tables of the declinations and places of the Sun and ſtars, from his 
own obſervations, made with a ſix-foot quadrant, in the years 1594, 95, 
96, and 97: A ſea-quadrant, to take altitudes by a forward or backward 
obſervation, and likewiſe with a contrivance for the ready finding the 
latitude by the height of the pole-ſtar, when not upon the meridian. 
And that his book might be the better underſtood by beginners, in this 
edition is ſubjoined a tranſlation of the above mentioned Zamorano“ 
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acknowledged the obligation. See ig bi's preface, where he complains of 
Hondius's proceeding ; and farther relates, how his book, a copy of which 
having been preſented to the Earl of Canberland, had liked to have come out 
under the name of a famous navigator, whom, from ſome circumſtances there 
mentioned, I imagiae to have been Abraham Kendal. 

* Philo/rphical Tranſa4ions, for 1696. Ne 219, 

+ In 1657 a 3d edition was publiſhed by Mr. Zo/eph Maron, where the de- 
dication is unadviſedly left out, and at the end is added by the editor the 
above mentioned Haven: fading Art, as alſo Migbi's univerſal map, im- 
proved by the diſcoveries made fince his time, 


Compendium ; 
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Compendium; he correcting ſome miſtakes in the original, and adding 4 
large table of the variation of the compaſs obſerved in very different parts 
of the world, to ſhew it is not occaſioned by any magnetical pole. 

This excellent perſon was allowed fifty pounds a year (no inconſi- 
derable ſum at that time) by the Eat India Company, for reading a 
lecture of navigation; he alſo projected the conveying water to Lons 
don, but was prevented from executing his ſcheme by deſigning men; 
which is frequently the caſe. Whilſt he led a ſtudious and retired life, 
his reputation was ſo far known, that Queen Elizabeth granted, in 1589, 
a diſpenſation for his abſence from the univerſity, in order to accompany 
the Earl of Cumberland in the expedition to the Azores; as I am in- 
formed by Sir James Burrough, Maſter of Caius College, whoſe fine 
taſte in architecture, part of the new buildings in Cambridge ſhew, they 
rendering the reſt of thoſe buildings a diſgrace to that famous ſeat of 
learning, which has produced many great men, as, (to mention here 
only mathematicians) Wright, Briggs, Oughtred, Dr. Peil, Foſter, Horrox, 
Bainbridge, Biſhop Ward, Dr. Wallis, Dr. Barrow, Racke, Sir Iſaae 
Newton, Cotes, and Dr. Brook Taylor, 

Ilright's improvements on Mercator's chart became ſoon known 
abroad. ; | 

In 1608 were publiſhed the Hypomnemata Mathematica of the above 
mentioned Simon Stevin, compoſed for the uſe of Prince Maurice. In the 
part concerning navigation, the author, having treated of failing on 2 
great circle, and ſhewn how to draw mechanically the rhumbs on à 
globe, ſets down Vright's two tables of latitude and of rhumbs, in or- 
der to deſcribe thoſe lines more accurately; and in an appendix he com- 
mends Hues, ſhews a miſtake committed by Nonius in relation to the 
rhumbs, and pretends to have diſcovered an error in Mrighu's latter table; 
but MWrigbt himſelf in the ſecond edition of his book, has fully anſwer- 
ed all Stevin's objections, demonſtrating that they aroſe from his groſs 
way of calculating. 

And in 1b24 the learned Hllebrordus Snellivs, Proſeſſor of the Mathe- 
matics at Leyden, publiſhed his Tyþhis Batavus“, a treatiſe of navigation 
on F/r:ght's plan, written ſomewhat obſcurely. In the introduction are 

raiſed Nonius, Mercator, Stevin, Hues, and Wright. But ſince what 
Fad been performed by our artiſts on this ſubject, is not there particu- 
larly declared, as are the improvements made by the others; it has hap- 
pened that ſome have attributed Vrigbi's principal diſcovery to this 
author. Thus Albert Girard, who in 1634 publiſhed a French tranfla- 
tion of Stevin's Works with notes, in one of them obſerves, that Snellius 
had calculated, what he calls, Tabule Canmice Parallelorum, to minutes 
as far as 70 degrees; whereas //7:ght had ſet forth in 1610 ſuch a table 
ſo calculated to 89 degrees 59 minutes; notwithſtanding which M. de 
Lagni, in the Memoirs of the Royal Academy of Sciences at Parts for 
1.703, treating of the Correcied Chart, ſays, eſt Willebrord Snellius qui 
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* In 1617 had been publiſhed his Erateſtbenes Batavus, where is given an 
account bf his meaſuring the Earth, | | 
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en oft Pinventeur. But the French writers now acknowledge our country- 
men to have been its author“. 

Snellius was followed in Holland by Adrian Metins, in a treatiſe, in- 
titled, Primum Mobile, printed at Amſterdam, in 1631 and in France by 
the learned Peter Herigone, in his Curſus Mathematicus, where, in the de- 
dication of the fourth tome to the Marſhal Baſſompire, the author ſays, 
Artem navigandi in cenſu Mathematices non repeſuere plerique nejtrum, neque 
fane in hunc ordinem aſcribi meruit, quandiu cœed tantùm nautarum pra xi 
celebrata eſt; nunc vero cùm inventis tabulis loxodromicts (quas nos primùm 
Gallis exhibemus) formam certam firmaſque leges acceperit fine imjurid 
emitti non pateſt, But to return to our countrymen. 

Mr. //right, in the 12th chapter, having ſhewn how to find the place 
of a ſhip on his chart, obſerved, the ſame —_ de performed more ac- 
eurately by calculation; but conſidering, as he fays, that the latiudes, 
and eſpecially the courſes at ſea, cquld not be determined fo preciſely, he 
forbore ſetting down particular examples; as the mariner may be al- 
lowed to ſave himſelf this trouble, and only mark out upon his chart, 
when truly conſtructed, the ſnip's way aſter the manner then uſually 

ractiſed. 
F However, in 1614+, Mr. Raphe Handſon, among his nautical queſ- 
tions ſubjoined to a tranſlation of Pitiſcus's Trigonometry, ſolved very 
diſtinctly every caſe of navigation, by applying arithmetical calcula- 
tions to Mrigbt's table of latitudes, or of meridional parts, as it has 
ſince been called. 4 8 ; 

And beſides, though the method 7Y7ight diſcovered for determining 
the change of longitude by a ſhip failing on a rhumb, is the adequate 
means of performing it; Handſen propoſed two ways of approximation 
for that purpoſe, without the aſſiſtance of Mrigbi's diviſion of the me- 
ridian line, The firſt was computed by the arithmetical mean between 
the co-lines of both latitudes z the other by the ſame mean between their 
ſecants, as an alternative, when //7:gh?'s book was not at hand, though, 
this latter is wider from the truth than the firſt ; and farther he ſhewed 
by the foreſaid calculations, how much each of theſe compend:ums de- 
viates from the truth, and alſo how erroneouſly the computations, on the 
principles of the plain-chart differ from them all. 

There is another method of approximation, by what is called, The 
Middle Latitude f, which, though it errs more than that by the arith- 
metical mean between the co-ſines; yet being leſs operoſe, is that ge- 
nerally uſed by our ſailors ; notwithſtanding the arithmetical mean be 
tween the logarithmic co-fines, equivalent to the geometrical mean be- 
tween the co- ſines themſelves, had been ſince propoſed by Mr. Jahn 
Baſſat ||, which in high latitudes is ſomewhat preferable. | 
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c gu“ on afpelle let cartes riduites, invention admirable, de la grelle 
en eft redevabe a Edouard Wright, quoigu'on ait fouvent attribute a Mercator. 
Hiſt. de PAcad, Royale des Sciences, An. 1753. Pp. 275. 

+ lt was reprinted in 1630. 

| Gunter's works, firſt printed in 1623. 
About 1530, ina dialogue which was publiſhed after the author's death, 
in an appendix to, che Paihny to perfect Sailing. Baſſat had been a —_— 
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The computation by the middle latitude, will always fall ſhort of the 
true change of longitude ; that, by the geometrical mean, will always 
exceed; but that, by the arithmetical mean, fall ſhort in latitudes above 
45 degrees, and exceed in leſſer latitudes. However, none of theſe 
methods, when the change in latitude is ſufficiently ſmall, will deviate 
greatly from the real change in longitude. 7 

About this time logarithms * began to be introduced into the practice 
of the mathematics; and as they are of excellent uſe in the art of navi- 
gation, we ſhall here ſay ſomething about their original. 

'Theſe were invented by John Napier, Baron of Marchiſtoun in Scotland, 
as appears from his treatiſe, intitled, Mirifici Ligarithmorum Canonis 
Deſcriptio, firſt printed in 1614 f. Soon after, the author communi- 
cated to Mr. Henry Briggs, Profeflor of Geometry at Greſbam College in 
London g, another form of logarithms; with which Mr. Briggs was ſo 
well pleafed, that he immediately ſet 'about computing a very large table 
of them, which he publiſhed in 1624, with his Arithmetica Logarithmica ||, 
But in the mean time, as a ſpecimen, he printed in 1617 a few copies 
for his own uſe and that of his friends, of a very ſmall one, not exceed- 
ing a thouſand natural numbers. 

From this table Mr. Edmund Gunter, Mr. Briggs's collegue in Aſtrono- 
my, computed one of artificial fines and tangents to every minute of the 
quadrant, which he publiſhed in 1620, being the firſt of its kind 5. 
And when he made an edition of his works three years after, both theſe 
tables were fubjoined to his book, 
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of navigation at Chatham, and well made out what he undertook, that 
a ſhip would return to the place it departed from, by failing oh the ſame 
rhumb, contrary to what Fuller and others had maintained; At the end 
of this diſcourſe, he applies his compendium to the three principal problems 
in ſailing. . 

*The foundation of logarithms is a property of two ſerieſes of numbers, 
one in arithmetical, the other in geometrical proportion; which property is 
declared by Archimedes in bis Arenarius, 

+ In 1619 was made, after the author's death, a ſecond edition, with his 
farther improvements in Spherical Trigonometry. _ | 

t He was in 1619 appointed by Sir Henry Saville, his profeſſor of geometry 
at Oxford. 

Adrian Vlacg made an edition of this book at Tergou, in 1628, where the 
table of logarithms was continued by him to one hundred thouſand numbers, 
though the logarithms themſelves are but to ten places, whereas in Briggs's 
book they were to fourteen. Some copies of Ylacy's tables were purchaſed 
by our bookſellers, and publiſhed at London, with an Engliſs explanation 
premiſed, dated 1631. 

$ Vlacg alſo publiſhed, at the ſame place, in 1633, his Trigonemetria Artif 
cialis, wich tables of logarithmic fines and tangents to every tenth ſecond of 
the quadrant. Vacg's tables have a great reputation for their exactneſs, as 
Sberwin's firſt edition in 1706, and Gard:ner's in 1742 have amongſt us, 
M. 4e Fontenelle, in the Hiſtory of the Academy of Sciences for 1717, com- 
mends an edition of Ylacg's ſmaller tables, made at Lyons, in 1670, as does 
M. ae /a _ in his Aſtronomy, printed at Paris, in 1764, tables publiſted . 
there in 1769, 
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There he applied to navigation, according to Wright's table of meri- 
dional parts, 'as well as to other branches of the mathematicks, his ad- 
mirable Ruler “, on which were inſcribed the logarithmic lines ſor 
numbers and for fines and tangents of arches. He alſo greatly improved 
the Sector + for the ſame purpoſes. And he ſhewed how to take a back 
obſervation by the croſs-ſtaff,, whereby the error, ariſing from the excen- 
tricity of the eye, is avaided ; deſcribing likewiſe an inſtrument of his 
invention, named by him, a Croſs- Bow, for taking altitudes of the sun 
or ſtars, with ſome contrivances-fo the more ready collecting the lati- 
tude from the obſetvation pt. INE IDE fac ul 
The diſcoveries relating to the lagatithms were carried to Frunce by 
Mr. Edmund I ingate, who, going to Paris in 1624, publiſhed in that 
city tuo ſmall tracts in French jj, and dedicated them both to Gaſen, 
the King's only brother. In the firſt he teaches the» uſe: of Cunter's 
ruler, and in the other, of the tables of logarithms and artificial fines 
and tangents; as modelled according to Napier's laſt form, attributed by 
Wingate to Briggs, which is a miſtake; as appears from the dedication 
of Napier's Rabdolagia, printed in 1616, and from what: Mr. Bripps 
himſelf ſaid in the pteface of his Arithmeticm Logurith mio. 
The Reverend: Mr. Miiliam Ougbtred projected this ruler into à eir · 
cular arch, thewing fully its uſes in 2 uratiſe firſt printed in 16323 
intitled, The Circles r Proportion ; where uin an appendit, are well 
handled ſeveral important points in navigation. It has been made in 
the e of a Sliding Ruler. See: Seth Putridge's uſe of the double ſcale 
in 1 2. . 1 4 {4 Mb 444 | 7 LOTTO YT £411 4 7 193 (1.4 „ihn 
As dy the logarithmic; tables all trigonometrical caleulations are 
greatly facilitated ; ſo the:furft author, who, I find, has applied them to 
the caſes of failing, was Mr. I hemas Addiſon; in his-weatiſe, intiiled, 
Arithmetical Navigation, printed in 1625. He alſo gives two traverſe 
tables with their uſes, che one to quarter points of the compals; the 
other to degrees Cty ge e 2t . 1999 N 
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Mr. Henry Gellibrand, Mr. Guntet's ſucceſſor at Greſham College, 
publiſherl his diſcovery of the changes in the variation of the compaſy in 
a ſmall quatto pamphlet, intitled, A Diſcourſe Mathematical on the Vari- 
ation of the Magnetical Needle, printed in 12635. This extraordinary pbe- 
nomenon he found out by comparing the ob ervations made at different 
times near the fame place by Mr. Hurreugb, Mr. Gunter, and himſelf, 
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* This Roler is ſo conſtantly in the practiee of cur artiſts, that it has got 
the name of The Gunter. Des Kode "off Niall.“ 
. The uſes of a ſedor had been ſhewn by Dr. Robert Hood, ig a tract he 
pudbliſhed in 1598. Na | „fh Tedis 
t This ingenioos perſon died in 1626, aged 45 years. His works bave 
been ſeveral times reprinted with ſucccflive additions; the ſecond editionwas 
mace in 165 from his o manuſcript ; then from thoſe of Mr. Sanne Fofter 
] rofeflor of Aſtronomy at Greſiam College, again by Mr. Hetry Bed, and 
Mr. M liam Leybeurn,, The folleſt and laſt, being the fifth; was zn 16. 
{| Theſe were afterwards printed at;Condhn in 4% with improvements, 
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all perſons of great ſkill and experience in theſe matters. And this diſ- 
covery was ſoon known abroad *, for father Athanaſius Kircher, in his 
treatiſe intitted Magnes, firſt printed at Rome in 1641, ſays our country- 
man Mr. John Greaves had informed him of it, and then gives a letter of 
the famous Marinus Merſennus containing a very diſtinct account thereof. 
Gellibrand had been famous for the part he bore in the 'T rigonometria- 
Britannica of his deceafed friend Mr. Briggs, which was printed in 1633z. 
at Tergou, under the cace of Adrian Vlacg. Gellibrand allo, in 1635, 
publiſhed in Engliſb an Inſlitution Trigonometrica ll. 

In 1631 Mr. Richard Norwood had publiſhed an excellent treatiſe of 
Trigonometry, adapted to the invention of logarithms, particulatly in ap- 
plying Napier's general canons T. The author having, as he ſays, ac- 
quired his knowledge in the mathematicks at fea g. eſpeciafly thewed 
the uſe of trigonometry in the three principal kinds of navigation. And 
towards the farther improvement of that art, he undertook a laborious 
work for examining the diviſion of the log-line. 0 

As altitudes of the Sun are taken on ſhip- board, by obferving his ele- 
vation above the, viſible horizon; to collect from thence the Sun's true 
altitude with cortrectneſs, Mrigbt obſerves it to be neceſſary, that the 
dip of the horizon below the obſerver's eye ſhould: be brought into the 
account, which cannot be catculated without knowing the magnitude 
of the earth. Hence he was led to propoſe diſferent methods for finding 
this; but complains, that the moſt effeclual was out of his, power to 
execute ; and therefore contented himſelf with a rude attempt, in ſome 
meaſure ſuſſicient for his purpoſe : and the dimenſions of the Earth de- 
duced by him correſponded fo well with the uſual diviſions of the Jog- 
line, that as he writ not an expreſs treatiſe on navigation, but only for 
the correcting ſuch errors, as prevailed in general practice, the Jog-line 
did not faH under his notice. But Mr. Norwwoed, for regulating this 
inſtcument upon genuine principles, put in execution the method Mr. 
HI right recommends, as the moſt perfect for meaſuring the dimenſion of 
the Earth, with the true length of the degrees of a great cirele upon it; 
and, in 1635, actually meaſured the diſtance between London and York; 
ſrom whence, and the ſummer-ſolſtitial altitudes of the Sun obſerved on 
the meridian at both places, he found a degree on a great circle of the 
Earth to contain 367196 Eugliſb feet, equal to 57300 French fathoms 
or toiſes, which 13 very exact; as appears from many meaſures, that have 
been made ſince that time. 


* 


In the Hiſtory of the Royal Academy of Sciences at Paris for 1712, p. 
79. it is ſeid by M. de-Foxrerelle, that the learned Petr Gofſindi was the prin- 
cipal diſcoverer of this property ; but Gafendi himſelf acknowledged that 
he had before received information of Gel/ibrand's diſcoveries,  Gefſind. 
Oper. vol. ii. p 152. Lx. 1658, ä 
+ Avery edvantsgeous teport of it was made by M. Mariott at u meeting, 
in 1658, of the Aeqgetny. Du Hamel, Hiſt. Acad. Scient. p. 51. 1701. 
From a ſailor he became a teacher, flyling himiclf w wa bis books, A 
Reader of the Mathematicks in Londen. | „ s 
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Of this affair, Mr. Norwood gives a full and clear account in his 
treatiſe, called The Seaman's Practice, firſt publiſhed in 1637. There, 
with unaffected modeſty, he apologizes for the hardineſs of a private 
perſon's undertaking ſo difficult a talk ; and very cautiouſly points out 
the true reaſon, how fo great a mathematician as Snellius had ſailed in 
his attempt. He alſo ſhews various uſes of his difcovery, particularly 
for correcting the groſs errors hitherto. committed in the diviſions of the 
log-line. But ſuch neceſſary amendments have been little attended to 
by the ſailors, whoſe obſtinacy in adhering to inveterate miſtakes has 
been always complained of by the beſt writers on navigation. This im- 

rovement has at length, however, made its way into practice: ſew 
navigators of reputation „ 7 the old meaſure of 42 feet to a knot. 

Farther, Mr. Norwood likewiſe there deſcribes his own excellent 
method of ſetting down and perfecting a Sea-Reckoning, uſing a;traverſe= 
table, which method he had followed and taught for many years; and 
beſides, ſhews how to rectify the courſe, by the variation of the compaſs 
being conſidered ; as alſo how to diſcover currents, and to make proper 
allowance on their account. e TY 

This treatiſe and that of Trigondmetry were continually reprinted, as 
the principal books for Jearning ſcientifically the art of navigation. What 
he had delivered; eſpecially in the latter of them concerning this ſub- 
Jeet, was contracted as a manual for ſailors, in a very ſmall piece, called 

5 Epitome, which uſeful performance has gone through numberleſs 
editions, | i 

No alterations were ever made in The Seaman's Practice, till in the 12t 
edition, printed in 1676, after the author's deceaſe, there began to be 
inſerted, at page 59, the following paragraph in a ſmaller character 
[About the year 1672, Monſieur Picart has publiſhed an account in French, 
concerning the meaſure of the Earth, a breviate whereof may be | ſeen in the 
Philoſophical Tranſactions, Ne 112, wherein he concludes one. degree 10 
contain 365184 Engliſh feet, nearly agreeing to Mr. Norwood's taperi- 
ment.] And this advertiſement is continued in the ſubſequent editions, 
as I find it in one printed ſo lately as 1732. i ve git? 

Norwoed's meaſure therefore, though it was not known to the great 
Sir [aac Newton in his youth, was not buried in oblivion, on acegunt-of 
the conſuſions occaſioned by our civil wars, as M. de Voltaire has been 
pleaſed to ſay®; on the contrary, it has been conſtantly commended-hy 
our wtiters on navigation : as 'by Mr. Henry Bond, ſoon after its pub- 
lication, in a note at page 107 of the Seaman's Kalendar, which ancient 
book he reprinted and improved, whoſe uſe, through-numberleſs editions, 
is continued amongſt our ſailors to this day; by Mr. Henry Phillips in 
his Geometrical Seaman in 16 52, and in his Advancement of Navigati:n/in 
1057; by Mr. John Collins in his Navigation by the Plane Scale, in 1650; 
by the reverend Dr. Jobn Newton in his Mathematical Elements, in 1665; 
Mr. Joln Seller in his Practical Navigation, in 16695 Mr. Fobn Brown 
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in his Triangular Quadrant in 1671, 
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And in the Philgſaphical Tranſactions for 1676, Ne 126, there is 
given a very particular account of it. Nor had it eſcaped the royaP 
notice; for when King James, in 1690, honoured the obſervatory at Paris 
with a viſit, he informed the gentlemen, then preſent, of this meaſure: 
of the Earth z and upon their acquainting his Majeſty how that had 
been determined by Mr. Picard, the King wiſhed the two meaſures 
might be compared together “. | 8 

But that it was not commonly known in France is no wonder, ſeeing 
our books were not then ſo much inquired after as at preſent by that po- 
lite and learned people. | | ' 

In the Journal des Scavans for December 1666, it was obſerved of Dr. 
Hooke's Micrographia, qu'il t tcrit en une langue que peu de perſonnes 
entendent ; but long after in the ſame Journal for February 17 50, it is 
ſaid of the Engliſh tongue, that it was une langue que tous les vrais ſavans 
devroient ſavoir. And now, as Norwoed is taken notice of in the latter 
editions of Sir Iſaae Newton's Principia, his name and merit indeed are 
become univerſally known, Inſomuch that a particular account of his 
meaſure is given by M. de Maupertuis, in the preface to his Treatiſe of 
the figure of the Earth, printed at Paris in 2738; wherein he deſcribes 
his method of determining the length of a degree on the Earth in Lap- 
land; and Norweoed is mentioned by two learned Spaniſh ſea ofhcers, D. 
Forge Fuan, and D. Antonio d'Ulloa, in their voyage printed at Madrid 
in 1748, which was undertaken, as they were appointed to accompany 
the' French mathematicians, ſent to meaſure a degree near the equator. 

About the year 1645 Mr, Bond publiſhed in Norwood's Epitome a very 
great improvement in Mrigbi's method, by a property in his meridian 
Jine, whereby its diviſions are more ſcientifically aſſigned, than the 
author himſelf was able to effect; which was from this theorem, That 
theſe diviſions are analogous to the exceſſes of the logarithmic tangents 
of half the reſpeCtive latitudes augmented by 45 degrecs above the lo- 

rithm of the radius. | 

This he afterwards explained ſomewhat more fully in the third edition 

of Gunter's works, priated in 1653, where, after obſerving that the 
logarithmic tangents from 45 upwards increaſe in the fame manner (as 
he expreſſes it) that the ſecants added together do, if every half degree 
be acounted as one whole degree of..4Jercator's meridional line; his 
rule ſor computing the meridional parts appertaining to any two latitudes 
(ſuppoſed on the tame ſide of the equator) is laid down to this effect; To 
take the logarithmic tangent, rejecting the radius, of half each latitude 
augmented by 45 degrees, and dividing the differente of thoſe numbers 
by the logarithmic tangent of 45? 307, the radius being likewiſe te- 
jected, and the quotient will be the meridional parts required, expreſſed 
in Gegrees. And this rule is the immediate conſequence from the ge- 
neral theorem, Fhat.the degrees of latitude bear to 1 degree (or 60 
minutes, which in Mrigbt's table ſtands as the meridional parts for i de- 
gree). the ſame prgportion as the logarithmic tangent of half any latitude 
augmented by 45 degrees, and the radius neglected, to-che like tangent 
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of half a degree augmented by 45 degrees, with the redius likewiſe 
rejected, | | N 
But here was farther wanting the demonſtration of this general theorem, 
which was at length ſupplied by that great mathematician, Mr. James 
Gregory of Aberdeen, in his Exercitationes Geometrice printed at London in 
1668; and ſince more conciſely demonſtrated, together with a ſcientific 
determination of the diviſor, by Dr. Halley, in the Philiſophical Tranſ- 
actions for 1695, Ne 219, from the conſideration of the ſpirals into which 
the rhumbs are transformed in the ſtereographic projection of the ſphere 
upon the plane of the equinoctial; which the excellent Mr. Roger Cotes 
has rendered ſtil more ſimple, in his Logometrio, firſt publiſhed in the 
Ppbilaſapbical Tranſactions for 1714, N 388. | 
It is moreover added in Gunter's book, that if 25 of this diviſor (which 
does not ſenſibly differ from the logarithmic tangent of 45* 1 30 cur- 
tailed of the radius) be uſed, the quotient will exhibit the meridional 
_ expreſſed in leagues : and this is the diviſor ſet down in'Norwoed's 
tome. 
2 ter the ſame manner the meridional parts will be found in minutes, 
if the like logarithmic tangent of 45% & 30” diminiſhed by the radius 
be taken, that is, the number uſed by others“ being 12633, when the 


Jogarithmie tables conſiſt of eight places beſides the index. 


This Mr. Bond, who introduced fo uſeful a diſcovery into the art, was 
a teacher of the mathematicks in London, and employed to take care of 
and improve the impreſſions of the current treatiſes of navigation. In an 
edition of the Se2man's Kalender, p. 103, he declared, he had diſcovered 
the longitude, by having found out the true theory of the magnetic 
variation ; and to gain credit to his afſertion, he foretold, that at London 
in 1657 there would be no variation of the compaſs, and from that time 
it would gradually increaſe the other way, which happened accordingly. 
Again, in the Philoſophical Tranſattions for 1668, N“ 40, he publiſhed 
a table of the variations for 49 years to come. | 1 
This joyful news to all ſailors acquired Mr. Bond a great reputation; 
inſomuch that the treatiſe he had compoſed, called The Longitude found, 
was in 1656 publiſhed by the ſpecial command of King Charles the Se- 


. cond, and uſhered into the world with the approbation of ſeveral of the 


moſt eminent mathematicians of that time +. 
But it was ſoon oppoſed, there being publiſhed at Londen a book in 


15678, called The Longitude not found, written by one Mr. Beckborrow. 


And indeed as Bond's hypotheſis did not in any wie anſwer its author's 
ſanguine expectations, the famous Dr. Halley again undertook this affair; 
and ſrom a multitude of obſerrations he would conclude; that the mag- 
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7 Sce Mr. P. tin, 75 reatiſe of. Navigation in Vol. I. of Sir Jonas Moores 
New Syſtem of the Nathimaticks, p. 208, printed at London in 1681. Perkins's - 
book was publiſhed by itſelf the year following under ihe title of the Sea- 
man's Tutor. n amen e ** 4 

+ Ia the Päilaſiphical Tranſadꝭ oa for the ſame ye lr, N 130, it is ſaid 
the Lord Brounkor's name was inſerted by miſtake,” 
b 3 
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netic needle was influenced by four poles. His ſpeculations on this 
ſubject are delivered in the Philoſophical Tran ſactlions for 1683, Ne 148, 
end for 1692, Ne 195. But this wonderful phenomenon ſeems to have 
hicherto eluded all our reſearches, 

However, that excellent perſon in 1700 3 a general map, 
on which were delineated curve lines expreſſing the paths, where the 
magnetic needle had the ſame variation. This was received with uni- 
veral applauſe *, as it may lead to ſome diſcovery in fo abſtruſe an af- 
fair, and at preſent be uſeful on many occaſions in determining the lon- 
gitude. The poſitions of theſe curves will indeed continually fuffer al- 
terations; but then they ſhould be corrected from time to time; as they 
have been for the year 1744, and 1756, by two ingenious perſons, Mr. 
Milliam Mountaine and Mr. James Dodſon, Fellows of the Royal Society. 
The latter died not long after he had been choſen, for his merit, mathe- 
matical maſter, at Chri/?”s Hoſpital, in London. 

Dr. Halley alſo gave in the Philoſephical Tranſactions for 1690, 
No 183, a diſſertation on the monſoons, containing many obſerva» 
tions very uſeful for all ſuch as fail to places that are ſubject to thoſe 
winds. 

The true principles of navigation having been ſettled by Wright, 
Norwood, and Bond, many authors amongſt us trod in their ſteps, making 
ſome little improvements. It would be impoſſible to enumerate each 
particular. Of the writers already mentioned, Phillips and Collins, in 
the title pages of their books, declare what they aimed at; Phillips allo 
in his tract, called the Advancement of Navigation, recommends a pen- 
dulum inſtead of a half-minute glaſs, to eſtimate the time the log-line is 
running out. He alſo propoſes to do the ſame thing by wheel-work. 
Beſides, in the Philoſophical Tranſactions for 1668, NY 34, he delivers a 
better method to determine the tides than what was commonly praCtiſed ; 
for which purpoſe Mr. 7%n Flam/teed, the royal aſtronomer, ſtill gave 
more perfect directions in the ſame Tranſactions for 1683, Ne 143; as 
likewiſe he firſt ordered a glaſs lens to be fixed on the ſhade vane, in 
what 1s called Davis's quadrant +, which contrivance Dr. Robert Hook, 
Profeſſor of Geometry at Greſham College, had beſore thought of f. 

Seller's Pradtical Navigation, though without demonſtrations, has the 
rules of ſailing in the different kinds, as performed by calcutation, by the 
plane ſcale, by the Gunter, and by the ſinical quadrant, with varibus other 
matters relative to the art ; as alſo the uſe of the azimuth-compaſs as 
now modelled, the ring-dial, the ſea- ring, croſs-ſtaff, Davis's quadrant, 


«4 . e 
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* Tt is particularly commended in the Hiſtory and Memoirs of the 
Royal Academy of Sciences at Paris, for the years 1701, 1705. 1706, 1708, 
and 1710, See alſo Mr. R-/is;*s Reflections in his Introduction to Lord 
Anjon's Voyage round the World, made in 1743, &c. as alſo in the ninth 
chapter of the firſt book, and eighth of the third. e 

+; See the above mentioned Perkins's Navigation, page 250. 

1 See Biſhop Yat Sprar's excellent Hiſtory of the Royal Society in 
1667, page 246; and Hiob Poſthumous Works, publiſhed- by Richard 
Walier, Eſq. in 1705, p. 5 7 — 
| Worn 10S | plough 
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plough, noRurnal, inclinatory needle and globe, together with all the 


neceſſary tables; the whole being delivered in a manner ſo well adapted 
to the general humour of mariners, that it has undergone numberleſs 
editions: the laſt, I have ſeen, was in 17393 but ſome late writers ſeem 
to have abated the run of this book. | 
As in ſailing eſpecial regard ought to be had to the lee-way a ſhip : 
makes, ſo many authors have touched upon this point; but the allow- 
ances uſually made on that account are very particularly ſet down by Mr. 
John Buckler, and publiſhed in a ſmall tract firſt printed in 1702, in- 
titled, A New Compendium of the whale Art of Navigation, written by Mr. 
William Jones. { 
We ought not hereto pals over in ſilence the very uſeful invention of 
Dr. Gewin Knight, which is the making artificial. magnets, that are of 
greater efficacy than the natural ones. Though the Doctor has not 
thought fit to reveal his ſecret; yet others have found it aut, who have 
made it public, particularly the Rev. Jabn Mitchel, and Mr. John Cane | 
ton; the firſt in a treatiſe of Artificial Magnets, printed in 1750; the 
other in the Philoſaphical Tranſadt ions, vol XLVIL Ann. 1751. a 
Ithe Earth being now univerſally agreed to be not a perfect globe, 
but a ſpheroid, whoſe diameter at the pales it ſhorter than any other; the 
Rev. Dr. Patrick Murdoch publiſhed a tract in 1741, where he accom- 
modated //right's ſailing to fuch a ſigure; and Mr. Colin Maclaurin, the 
ſame year, in the Philoſaphical Tranſactions, No 451, gave a rule to de- 
termine the meridional parts of a ſpheroid, which ſpeculation he far- - 
ther treats of in his book of Fluxions, printed at Edinburgh. in 1742. 
Though Sir //aac Newton in his Principia, firſt printed in 1686, had 
demonſtrated from the theory of gravity, that this muſt be the real form - 
of the Earth, as it revolved about an axis; yet in the year 1718 M. Ca/- 
ſini again“ undertook from obſervations to ſhew the contrary, and that 
the Earth was a ſpheroid, having its longeſt diameter paſſing through its 
poles +; and in 1720 M. de Mairan advanced arguments, ſuppoſed to 
be ſtrengthened by geometrical demonſtrations, to confirm farther M. 
Caſſiui's aflertion. But in the Philoſophical Tranſactians for 1725, 
Ne 386, 387, 388. Dr. Deſaguliers publiſhed a diflertation, whetein he 
made appear the weakneſs of the reaſoning, and the inſufficiency of the 
obſervations, as they were managed, to ſettle ſo nice an affair. He 
there alſo propoſed a proper method for adjuſting this point, when he 
ſays, If any conſequence of this kind could be drawn from actual meaſuring, 
4 degree of latitude ſhould be meaſured at the equator, and a. degree of longitude - 
likewiſe meaſured there; and a degree very northerly, as far example, a whole 
degree might be actually meaſured upon the Baluick ſea, when frozen, in 
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* In the Memoirs of the Royal Academy of Sciences t Paris, his father 
in 1701, and he in 1713, attempted to prove the Earth was an oblong 
ſpheroid. f e 

+ NM. Jeb Bernovilli in his Eſai d'une Nouzel'e Phyfipu: Celeftr, printed at 
Paris id 17 35, triumphs over Sir J/aace Nenuion; vainly imagining, theſe pre» 
£2c10us obſervations could invalidate what Sir Jaac had demonfirated. 53, 
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the latitude of ſixty degrees. There, accotding to M. Caſſini's laſt ſup 
poſition, a degree would be 56653 toiſes ; whereas at the equator it would be 
of 58019 toiſes, the difference being 1366 toiſes, about the two and fortieth 
part of a degree, which muſl be ſenſible ;, and likewiſe the degree of langttude 
would accerding to him be of 50317 toiſes, leſs by 1202, or the forty-eighth 
part, ibon a degree of latitude at the ſame place. tes 

On this admonition, in 1735, there were ſent from France two ſets of 
mathematicians, members of the Royal Academy of Sciences; one to- 
wards the pole, the other to the equator, in order to meaſure, at each 
place, the length of a degree on the meridian. The report they brought 
home quite overſet, what had been urged in favour of the oblong figure; 
a degree towards the north, in the latitude of 66 200 being found to 
contain about 574.38 toiſes, and near the equator but 56750. 

This unwelcome news cauſed a degree to be again meaſured in France, 
which at length came out to be conſonant with thoſe which had been 
brought ſrom very diſtany parts of the world. Thus theſe mathemati- 
cians confirmed by painiul obſervations, what Sir Jſaac Newton had, as 
M. de Maupertuis uſed to ſay, determined in his elbow-chair 3 Sir Iſaac 
making the length of a degrce under the pole to be 57382, and at the 
equator 50637 toiſes. And perhaps no obſervations can be exact enough 
to determine this matter more preciſely. N 

But let us mention ſome of the foreign writers on navigation. 

At Rome, in 1607, came ſorth a treatiſe, intitled, Nautic 1M-diterra- 
noa, written in {taltan by Bartolemeto Creſcenti, the Pope's engineer, 
Ihe author miſſes no opportunity of expoſing the errors of Medina; but 
icarce gives any thing of his own, except a machine tor meaſuring the 
way a ſhip made, | | | 

As the Jeſuits have treated of moſt branches of learning, ſo this art 
has not been beneath their conſideration ; the three following authors 
having been of their ſociety. - | | 

At Paris, in 1633, Father George Fournier, publiſhed an Hydrography, 
principally relating to navigation. The author would perſuade us, that 
one of Dreppe had correCted the plane chart; and that the Hellanders 
learnt of the French the making charts fo corrected; whereas this had 
been engraved long before at Am/erdam, by Iodocus Hondius, and others. 

Jabn Baptiſi Ricciali, in his Geographia '& Hyiragraphia Reformata, 
printed at Bologna in 1661, inſerts a treatiſe of navigation, collecting his 
materials from almoſt every writer, as he does in his Aimageſi and Chro- 
nolegy, which is indeed the chief merit oft his works. 

Father Millet Dechalies wrote on this ſubject aſter a more maſterly 

manner, both in his Curſus Mathematicus, firſt printed at Lyons in 1674, 

and in a French treatiſe, publiſhed in 1677, imitled L'Art de Naviger 

dcmorire par Principes. 

T heſe three authors, beſides treating of the different kinds of ſailing, 
abound in methods for taking of altitudes, finding the variation, and 
eſtimating the way a ſhip makes, &c. They alſo deſcribe a machine 
re ſembling that of _—_ Riciaolt gives a very faulty meaſure of the 
Earth, made by himſelf ; and Dechalley advifes the uſe of 'a pendulum in 
reckoning by the log-line, as alſo of wheel-work'for the fame purpoſe 
as. Phillips and Cole had done. pt 1 
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But there were writers in France between Fournier and Dechalles. For 
in 1666, and the following years, there were printed at Dzeppe ſeveral 
tracts handling different parts of navigation, compoſed hy M. G. Denys, 
which have been often reprinted. 28 : $4 

And in 1671 the Sieur Blondel S. Aubin publiſhed a book, called, 
L' Art de Naviger par le Quartier de Reduction, deſcribing an inſtrument * 
much in uſe amongſt the French failors, by which may be performed, as 
by the ſinical quadrant, the operations of navigation, though not much 
more ſpeedily than by the traverſe table, and not at all fo accurately. 
He alſo publiſhed in 1673 his Treſor de la Navigation, where the art is 
well treated of, particularly by calculations. 

M. Saverien in his Marine Dictionary, printed at Paris in 1758, ſays, 
that M. Daſſirr ſeems to have been the firſt of the French writers that 
ſhewed the uſe of Gunter's ſcales ¶ ichelles Angloiſes] in his Pilote expert, 
printed in 1683. | age , REP) 

At Paris, ten years after, was publiſhed the firſt part of a pompous 
work, intitled, Le Neptune Frangois, by order of the French king, con- 
ſiſting of ſea-charts, according to Wright's ſcheme, made from the lateſt 
obſervations,” and reviewed by Meſſ. Pene, Caſſini, and others. As this 


contained the charts of Europe only, there were added others of different 


parts of the world, printed the ſame year at Amſterdam. The whole was 
preceded by a diſcourſe of M. Sauveur, who had formed ſome of the 
charts, where he ſhews how to perform the problems of aſtronomy and 
navigation by ſcales; which diſcourſe had been publiſhed by itſelf at 
Paris, in 1692. S 

M. John — compoſed, by authority, his Traits Complet de la Na- 
vigation, firſt printed in 1698, which was well received, as containing 
moſt of the practices then known ; and Father P#zenas, Jeſuit and Royal 
Profeſſor of Hydrography at Marſeilles, publiſhed there, in 17 33, a tract, 
called, Elemens de Pilotage ; and at Avignon, in 1741, a larger work, in- 
titled, Prafique du Pilotage. This author ſhews how to find the meri- 
dional parts by the Artificial Tangents, an old diſcovery amongſt us, de- 
clared ſo long ago as 1645, in Norwood's Epitome; he alſo bas been 
NN in tranſlating. ſeveral of our mathematical books into 

rench. HS Ek 

But in 1753 M. Peter Bouguer, ſon of the former, publiſhed a very 
elaborate treatiſe on this ſubject, intitled, Nouvrau Traits de Navigation, 
which is written ſenſibly, the author being an excellent mathematician, 
and famous for other productions. He there gives a variation-compaſls + 
of his own invention, and attempts to reſorm the log, as he had done in 
the Memoirs of the Academy of Sciences for 1747. He is alfo very 


== 
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* It is only a kind of ſkeleton of Nrigb's univerſal map. 
+ Many of theſe ſorts of compaſſes have been propoſed at different times, 
a» by M. Buacke, in the Memoirs of the French Academy of Sciences for 
7752, page $77 ; Captain Chrifopher Middleton, ia the Philoſophical Tranſ- 
«tions, Ne 4co, Aan. 1738; and Dr, Knight, as improved by the ingenious 


I . Jebn meters ibid, N- 495 Ann, 1750. 
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common methods, and in defcribing the corrections of the dead rec- 
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particular in determining the lunations more accurately than by the 


konings. To | 

The excellent aſtronomer, M. de la Gaille, in 1560, made an edition of 
M. Bouguer's book, which he ſorvewhat abridged and improved. 

In 1766, came out at Paris, a treatiſe, with this title, Abrege du Pi- 
lotage diviſe en deux parties, ou on traite principalement des Amplitudes, des 
Loxodromies, dans Phypatheſe de la Sphere et de Spheroide, des martes, des 
variations de Paiman. | | | 

The former part of this book was firft publiſhed in 1693. Here the 
whole is improved by M. le Monnier. 

Though the Spaniards were the earlieſt writers on navigation, yet they 
were very backward to adopt us improvements. Indeed Antonio de Naie- 
ra publiſhed at Liſbon, in 1628, a treatiſe, intitled, Navegacion eſpecula- 
tiva y pratica z where, though the author rectiſies the tables of the Sun 
and fixed ſtars, from Tycho Brahe's obſervations, he proceeds no farther 
in the theory of navigation than what had been advanced by Nenius, as 
followed by Ceſpedes. But of late, in 1712, was printed at the ſame place, 
Arte de Navegar por Manuel Pimental; where is ſhewn the uſe of Hright's 
chart, which, in imitation of the French, the author calls Charta Redu- 
zida, He likewiſe deſcribes Davis's quadrant, and mentions N:rwood 
and Picard's meaſures of the Earth. In 1757 was printed at Cadiz a 
treatiſe intitled, Compendio de Navigation para el uſo de los Cavellergs 
Guardias Marinas, written by the ingenious gentleman mentioned above, 
Don Forge Juan. This is a good performance, delivering very diltinaly 
the ſeveral parts of the art, as now improved. Some things are here 
omitted, that uſually occur in books on this ſubject; but for the know- 
ledge of ſuch particulars, references are made to tracts compoſed ex- 
preſly for the uſe of the ſociety of gentlemen, deſtined for the ſea-ſervice. 

Bouguer and Jorge Juan, deſcribe and commend the method of di- 
viding inſtruments for taking of angles, publiſhed by Peter Vernier, in a 
treatiſe, intitled, La Conſtruction, c. du quadrant nouveau, printed at 
Bruſſels, in 1631. This diviſion, is an improvement of Curtius's, as 
that of Fererius's is of the diviſion by diagonals* and readily follows 
from the firſt Lemma of Clavius's treatiſe on the Aftrolabe +, as has been 
obſerved by Pezenas, in a book he publiſhed at Avignon in 1765, in- 
titled, Aſtronomie des Marins. | 

As to their treating of J/r:ight's chart, I mentioned above Snellius and 
Metius. Vo an edition, in 1665, of /lacy's ſmall tables of logarithms, 
&c. is added, by Abraham de Gruel, one of meridional parts, whoſe ule he 
ſhews, with other parts of navigation, in his Courſe of Mathematics, writ- 
ten in Dutch, and printed at Am/terdam in 1670, as had been done by 

ahn Viret, in his Flambeau reluiſſant on Threſer de la Navigation, at thee 

me place, in 1677. . 


_— 
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* See _ Rebins's Mathematical Tracts, where theſe diviſions are largely 
treated of. . . The 60 
+ Firſt printed at Rene, in 1693. 
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The Dutch are great navigators, and have been famous for their At- 
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baſſes, before which are premiſed treatiſes of navigation, as has been al- 


ready obſerved. The oldeſt I have ſeen of theſe, was publiſhed at Ley- 
den in 1 584, intitled, Spiegel der Zee-Vaert For Mirror of Navigation,) by 
Lucas Fanjs Waghenaer, In their later Atlaſſes there is deſcribed an in- 
ſtrument to be uſed after the manner of Davis's quadrant, but where in- 
ſtead of circular arches are ſubſtituted ſtraight lines. ; 
Notwithſtanding all the improvements hitherto mentioned, the ſca- 
reckonings, though kept by ſuch as were deemed very ſkilful mariners, are 
often found widely different from the truth. But this often happens 
through negligence, as I have heard Dr, Halley, who had uſed the 
ſay. | 
belt errors would be avoided, if from time to time the latitude and 
longitude could be determined. The firſt is generally obtained by the 
meridian altitude and declination. of the Sun being given. The decli- 
nation is got by the help of tables of the Sun, with an eaſy trigonome- 
trical operation. | 
But even the latitude could not be very exact, before the famous 
Kepler had determined the true form of the Earth's orbit. Hence 
were fabricated his Tabulz Rudolphinæ. Next, thoſe of Mr. Thomas 
Street were in great requeſt f. But they, in their turn, yielded to Dr. 
Halley's, and his again to thoſe of the accurate and elaborate Mayer ; 
which, however will want to be corrected hereafter : For, as Sir 1525 
Newton has ſhewn, that all bodies mutually attract one another, the Earth 
will be diſturbed in its motion by the actions of ſome of the other planets. 
To find the longitude is a much more difficult affair. For this end, 
at preſent, the ſocieties of learned men in Europe offer from time to 
time, rewards to ſuch as ſhall beſt treat of particular ſubjects in mathe- 
maticks or phyſicks. Some of theſe have been relating to navigation, 
when Polleni, Bernoulli, Bouguer, and others have obtained the prizes. 
And it is hoped, this inſtitution may contribute to the advancement of 
the art. - 
Eclipſes of the moon were uſed of old; and Kepler recommended thoſe 
of the ſun as preferable |. BH! $26 
The ſatellites of Jupiter were no ſooner diſcovered by the great Gal- 
Jileo h, than the frequency of their eclipſes recommended them for this 
purpoſe; and amongſt thoſe who attempted this ſubject, none were 
more ſucceſsful than Signor Dominic Caſſini. 
This great aſtronomer in 1688 publithed at Bo/ogna tables for calcu- 
lating the appearances of their eclipſes, with directions for finding thence 
the longitudes of places; and being invited to France by Lewis the Four- 
teenth, he there publiſhed correcter tables in 1693. But the mutual at- 
tractions of the ſatellites on one another rendering their motions exckſ- 
ſively irregular, the tables ſoon run out; inſomuch that they require to 
be renewed from time to time, which has been performed by ingenious 


6— — 


as 


In his treatiſe 4% Motu Maris, in 160g. 

+ In tis Afronemia Carolina, in 1661. 
| Tabule Rudolph, printed at Ulm in 1627, cap. xvi. & xxxii. 
In his Hate eus Nuncius, firſt printed at Venice in 1610. 


perſons, 
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erſons as Dr. James Pound, Dr. James Bradley ©, M. Caſſini the fon, and 
M. Peter Wargentin ; fo that now many of the common Almanacks ſet 
down, when theſe eclipſes happen throughout the year. 

The Rev. Nevil Maſtelyne, D. D. our preſent Royal Aſtronomer, 
has publiſhed annually, fince the year 1767, by order of the Commiſ- 
' fioners of Longitude, a work entitled, The Nautical Almanac and Aſtro, 
nomical Ephemeris, containing not only the eclipſes of the ſatellites, but 
alſo many other tables, to enable the mariner to determine the longi- 
tude at ſea; particularly tables of the diſtances which the moon's center 
will have from that of the Sun, and from fixed ftars, at every three 
hours, under the meridian of the Royal Obſervatory at Greentulch, and 
which have ſince been copied into the Connoi/ance des Temps for theſe lat- 
ter years by the editor of that work. — 

Ihe large reward granted by the Parliament for a practical way of 
diſcovering the longitude at ſea, has put many upon the ſearch: inſo- 
much that ſeveral idle and abſurd ſchemes have been offered by ignorant 
and wrong-headed men. But the perfecting the methods propoſed long 
ago by John Werner and Gemma Fr iſus, ſeems at preſent to engage the 
attention of the public. * 2 8 

The theory of the moon, though much amended by the noble Tycho 
Brahe and Mr. Jeremy Horrox*, was found to be inſufficient to anſwer 
this end. But the cauſes of her various irregularities having been dif. 
covered by Sir 1Jaac Newton, and her theory thence improved beyond 
expectation, gave great hopes of ſucceſs ; which have ſince been hap- 

ily fulfilled by means of the improvements which have ſince been made 
in the methods of computing the ſeveral quantities of theſe inequali- 
ties by M. Euler, and Tobias Mayer of Gottingen je The former of theſe 
: eee having been happy in reducing Sir Jaa Newton's theor 

nto neat analytical expreſſions, of which the latter availing himſell, 
was, by a very ſingular addrefs, of his own, enabled to bring out the 


_— * 


q He ſucceeded Dr. Hallty at Greenauich, where he made a great number 
of Aſtronomical Obſervations. which, as they are molt accurate, it is hoped 
they will not be loſt, He became famous on obſerving and accounting for an 
apparent motion in the fixed ſtars, and called their aberration, which was 
Immediately exhibited by the great mathematician Dr. Brook Taylor, accord- 

ing to the exact theory of the Earth's mation. See Mr. R:ibins's Mathemati- 
. al Tracts, vol. II. page 276. | 

+ Wargentin's tables are much eſteemed; they were firſt publiſhed at Se- 
holm in the Ada Soctctatis Regii Scientiarum Up/aierfi; for the year 1741, but 
ſince more correct from a new copy of the author's at Paris in 1759, by M. ae 
la Lande. The ingenious author has rendered them yet more correct, and 
his labours on this head may be ſeen in the Cennor/ante des Temps for 1766, 
and the Nautical Almanacs for 1771, and 1779. FEE « (49 

* This great genius died in 1641, ſcarce 23 years old. See his Opera 
Pofthuma, publiſhed by the famous Dr. Jobn Wa lis at London, in 1673. 
Harrox firſt obſerved the Tranſit of Venus over the Sun in 1639. He wrote 


an account of this Phenomenon, which was pabliſhed by the great aſtronomer 
Heweltius, at Danizic, in 1661, 


i Com, Socict, Reg. Gottingen/, tom. II. Page 283. | 
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greateſt quantities of the equations with eaſe and exactneſs, and thence 
to conſtruct tables agreeing to the moon's motion in every part of her ot- 
bir, with very ſurpriſing exactneſs. And this ingenious perſon has left 
behind him tables ſtill more exact , for which the Britiſb Parliament 
have rewarded his widow with 3000. as alſo Mr. Euler with 300%. 
Theſe tables were publiſhed in 1770, by Dr. Maſtelyne. | : 
As to the method of Gemma Friſius, M. Huygens was perſuaded it 
might be accompliſhed by his inventions of pendulum clocks and watches: 
a deſcription of the firſt he publiſhed in a ſmall tract, printed at the 
Hague, in 1658, and of the ſecond as improved in the. Jaurual des 
Scavans for the month of February, 1675. And great expectations 
of ſucceſs had been raiſed from ſome trials made in a voyage with 
theſe watches of the firſt conſtruction, by Major Halmes; an account 
whereof is given in the Philoſophical Tranfactions, Ann. 1669. But 
the various aceidents thoſe movements are liable to, ſoon cauſed that 
way to be laid aſi dle. ir gira 
Notwithſtanding which, the ingenious Mr. Jahn Harriſon bas for 
many years paſt employed himſelf in contriving a: machine, that ſhall 
be free from all imaginable” inconveniencies; and his endeavours were 
ſo well approved of by gentlememof the greateſt knowledge in theſe ſub- 
jects, that the commiſſioners for the longitude thought fit to allow him 
ſome gratifications for his pains. He was afterwards farther conſidered, 
upon diſcloſing the internal ſtructure of his machine, and the whole re- 
ward has fince been given him by Parliament. fei ; 
I be difficulty of making obſervations at ſea with ſufficient exactneſs 
for finding the longitude, was feared to be inſurmountable; but at- 
tempts have not been wanting to over come it. In the Hiſtory of the 
Royal Society, at page 246, we meet with the firſt mention of an inten- 
tion in theſe words: A new inſtrument for taking angles 'by reflection, by 
which means the eye at the ſame time ſees the two objecis both as touthing the 
ſame point, though diſtant almeſi to a ſemicircle; which in of great 
uſe for making exact obſervations at ſea. A figure of this inſtrument, 
drawn by Dr. Hoot, the inventor, is given in the Doctor's poſthumous 
works, with a defcription, at page 503. But here, as one reflection 
only was made uſe of, it would not anſwer the purpoſe. However, this 
was at laſt effected by Sir Iſaae Newton, who communicated to Dr. 
Halley, about the year 17co, a paper of his own writing, containing a 
deſcription of an inſtrument with two reflections, which ſoon after the 
Doctor's death was found among his papers by Mr. Fones, who com- 
municated it to the Royal Society, and it was publiſhed in the Philoſo- 
phical Tranſactions Ne 465, Ann. 1742. 
How it happened that Dr. Hally never mentioned this in his life- 
time, is very extraordinary; ſeeing John Hadley, Eſq. + had deſcribed, 


Mm 
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t See his Elegium in the Nova Ada Eruditorum, for March 1762. 
+ Mr. H. diy being well acquainted with Sir 1/aac Neuen, might have 
heard him ſay, Ho-k's propoſal could be perfefted by means of a double re- 


flection. However, Mr. Haley, being a very ingenious perſon, might have 


hit en the ſame thought; as well as Mr. Godfrey of P.njy;varia; ro whom 
Fg 
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in No 430, Ann. 1731, an inſtrument grounded on the ſame principles, 
which is ſo well eſteemed, that our ſhops abound with them, accom- 
modated with Vernier's diviſion, as they are made by our moſt ſkilful 
workmen ; and are now in general uſe amongſt the ſkilful ſeamen of 
moſt of the Maritime nations. | 

Though Medina's method for finding the place of the horizon was ab- 
ſurd; yet, for this end, ſeveral plauſible ones have been propoſed by in- 
genious perſons, as Meſſ. Elton, Hadley, Godfrey, and Leigh; and that 
chiefly by applying a level to Davis's quadrant. Their devices are de- 
fcribed in the Philoſophical Tranſactions for 1732, 33, 34, and 37. 
And, laſtly, an Horizontal Top, invented by the late Mr. Ser/on, who 
was unfortunately loſt at ſea aboard the Victory man of war, has been ap- 
proved of, and publiſhed by Mr. Smeaton in the Philoſophical Tranſac- 
tions, vol. XLVII. for 1752, part ii. page 352. 

Some methods uſed for obtaining the place of the horizon, and of 
obſerving with Mr. Hadley's Reflecting Sector, are deſcribed by Mr. Ro- 
___ in his Elements of Navigation; which treatiſe has deſervedly met 
with the approbation of the public, 
Thus have I endeavoured to trace out the principal ſteps by which 
the art of navigation has advanced to its preſent height; nor without 
hopes that the attempt may not prove altogether unacceptable to thoſe, 
whoſe buſmeſs or curiofity lead them to be acquainted with this ve 
uſeful branch of the mathematicks : on the ſucceſsful practiſing of which 
depends, in an eſpecial manner, the flouriſhing ſtate of our country. 

This Diſſertation, written at firſt by defire, is now reprinted with 
alterations. "Though I may be thought to have dwelt too long on ſome 
particulars not directly relating to the ſubject; yet I hope that what is 
10 delivered, will not be altogether unentertaining to the candid reader. 
As. to any apology for having handled a matter quite foreign to. my 
way of life, 1 ſhall only plead, that very young, living in a ſea-port town, 
I was eager to be acquainted with an art that could enable the Mariner 
to arrive acroſs the wide and pathleſs ocean at his defired harbour. 


Londeh. JAMES WILSON. 
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the invention of this admirable inſtrument has been aſcribed by ſome gen- 
tlemen of that colony: This is aot the only caſe, wherein different perſons 
have produced ſimilar inventions. | 


ADVERTISEMENT. 


81 it may be expected chat four kinds of ended will look into- this 
book, it was thought convenient to point out to ſome of them, 
the places where they may meet with what they REY want. 


1 F 


Finer, Thoſe who having made a jy WS in the mathematics, 
will, it is likely, examine in what manner the ſubjects are here 
treated, and whether any thing new is contained therein: it is eon- 
ceived that ſuch readers will find ſome things which may recompence 
them for their trouble, in almoſt every one of the books. 


n F 8 


SECONDLY, Thoſe learners, who are deſirous of being inſtructed 
in the art of Navigation in a ſcientific manner, and would chuſe to 
ſee the reaſon of the ſeveral ſteps they muſt take to acquire it: To 
ſuch perſons, it is recommended that they read the whole book in the 
order they find it; or, if the learner is very young, he may omit the 
IVth and Vth books till after he is maſter of the VIth and VIIth. 


TriRDLY., That claſs of readers, which, with too much truth may 
be ſaid, comprehends moſt of our mariners, who want to learn both 
the elements and the art itſelf by rote, and never trouble themſelves 
about the reaſon of the rules they work by: As it is probable there ever 
will be many readers of this kind, they may be well accommodated 
in this work ; thus, if they are not already acquainted with Arithmetic 
and Geometry, let them read the five firſt rules of Arithmetic, to 
page 20th; thence proceed to the definitions and problems in Geo- 
metry, from page 43 to 58. In the book of Trigonometry, read 
Pages 89, 90, 91, 92, 98, 99, and from 104 to 114: the whole of 
book VI. In book the VIIth they may read to page 35, and as much 
more as they pleaſe. In book VIII, let them read the ſections III, 
IV. V, VI, from page 194 to page 230. In book V, they may 
read ſection Ill, and as many problems in the Vth and Vlth ſec= 
tions as they can; and let them read the whole of the ninth book. 


FouRTHLY, 


xXxxii ADVERTISEMENT. 
FouRTHLY. That ſet of readers who will not be at the pains of 
learning any thing more than how to perform a day's work; ſuch may 
herein meet with the practice almoſt independent of other knowledge, 
Let ſuch perſons make themſelves acquainted with ſection IV of 
book VI, and the uſe of the table at page 374 ; then learn the uſe 
of the Traverſe Table at the end of book VII, which they will find 
exemplified between pages 8 and 35 Vol, II; alſo they muſt learn 
the uſe of the Table of Meridional parts at the end of Book VIII. 
After which, they may proceed to book IX, where they will find 
ample inſtructions in all the particulars. which enter into a day's 
work, But with this ſcanty knowledge of things, they will be 
obliged to omit ſome parts, which it is welle worth their pains ta 
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BOOK L 
OF ARITHMETICK. 


2 


"SECTION I. 
Definitions and Principles. 


I,  RITHMETICK is a ſcience which teaches the properties of 
numbers; and how to compute, or eſtimate the value of things, 
2. An Unit or UniTy, is any thing conſidered as one. 
3. NUMBER, in general, is many units. 

4. Diorrs or FiGUREs are the marks by which numbers are denoted 
or expreſſed, and * the nine following. | 
Digits, 1. 3 4. 5. 6. 7. 8. 9. 

Names, One. Two. Three. Four, Five. Six. Seven. Eight. Nine. 
And with theſe is uſed the mark o, called cypher, which of itſelt 
ſtands for nothing; but being annexed to a digit, alters its value. 
Thus 40 ſignifies forty ; and 400 lands for four hundred, &c. 
5. INTEGER, or WHOLE, NumBERs, are ſuch as expreſs a number 
of 2 each of which is confidered as an unit. 
Thus four pounds, twelve miles, thirty-four gallons, one hundred days, &c, 
are, in each caſe, called an integer number, or whele number. 
. FRACTIONAL NumBr as, are thoſe which expreſs the value of 
ſome part or parts of an unit. 


Thus one half, one quarter, three quarters, &c. are ecch the fradtimal 
parts of an unit, 
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7. NoTAT1on is the expreſſing by digits or figures any number pre- 
poſed in words; and de Weng of any number that is expreſſed by f. 
gures, is called NUMERATION. 8 i | 

8. Decimal NoTaTion'is that kind of numbering in which ten units 
of any inferior name are equal in value to an unit of the next ſuperior. * 
1 9. Every number is ſaid to conſiſt of as many places as it contains 

Zures. | 8 3 1... 

10. The value of every digit in any number is changed according to 
the place it ſtands in and the reading of any number conſiſts in giving 
to each figure its right name and value. 3 
11. The right hand place of an integer number is called the place of 
units; and from this place all numbers begin, whether whole or frattt- 
onal; the integers increafing in order from the unit place towards the 
left ; and the fractions decreafing in order from the unit place towards 
the right: and to diſtinguiſh decimal fractions from integers, there is 
always a point or comma (,) fet on the leſt hand ſide of the fractional 
number; fo that the integers ſtand on the left hand fide of the mark, 
and the fractions on the right hand. 

22. For the more convenient reading of numbers, they are divided 
into periods of fix places each, beginning at the unit place; and each 
period into two degrees of three places each, the names and order of whick 
are as follow: where X ſtands for the word tens, C for hundreds, and 
Th. for thouſands. 


13. Integers Decimal fractions 


Second period Firſt perĩod Firſt period Second period 


— — 4 A . 
Degree Degree Degree Degree Degree Degree Degree Degree 


| 
Þ 
j 


Thouſandths 

KX. Thouſandths 
Th. Millionths 
IX. Th. Millionths 
Elevenths ]|C. Th. Millionths 


'Th. Millions 
CC. Thooſandths 


C. Millions 
Milhonths 


Thouſands 

Hundreds 

Hundredths 
X. Millionths 


Tens 
Biilionths 


Millions 
+ C. Thouſands 
X. Thouſands 
Units 
Tenths 
&C. 


Billions 
+ |C, Th. Millions 


&c. 
» | X, Th. Millions 
X. Millions 


| 
| 
| 


-C. Millioaths 


— 
1 


628 9.8 7 6 


* 
22 
a) 


3 


Decimal Fractions are alſo 
thus named, 


Seconds 
Thirds 
Fourths 
Fifths 
Sixths 
Sevenths 
Eigh ths 
Ninths 
Tenths 
Twelfths 
&c. 


„ 


Primes 


tt 4 — 


The name of the firſt, period is units; of the ſecond, millions; of the 
third, Billions ; of the fourth, Trillions ; &c. 

In the above order, it may be obſcrved, that each degree contains the 
names of Units, 'Tens, Hundreds ; the firſt degree of a period contains 
the units of that period, and the ſecond contains the thouſandths there- 
of: io that from hence it will be eaſy to read a number conſiſting of 
ever ſo many places by the following directions. | 


14. RULE, 
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14. RULE. 1ſt. Suppoſe the number parted into as many ſets or de- 
ꝑrees of three places each, beginning at the unit's place, as it will au- 
mit of; and if one or two places remain, they will be the units and tens 


of the next degree. 


2d. Beginning at the left hand, read in each degree, as many bun- 
Ireds, tens, and units, as the figures in thoſe places of the degree ex- 


to preſs, adding the name thouſands, if in the ſecond degree of a period; 

ing nd adding the name of the period, after reading the hundreds, tens, and 
9. nits in its firſt degree, | 

EHt- Thus the integer number in the preceding table will be read. 

the | Five billions, four hundred thirty two thouſand, one hundred twenty three 

rds wmliions, four hundred fifty fix thouſand, ſeven hundred eighty nine. 

e is 

nat 15. All fractional numbers conſiſt of two parts, which are uſually 

ark, rritten one above the other with a line drawn between them: the num- 

er below the line, called the denominator, ſhews into how many equal 
ded darts the unit is divided: the number above the line, called the nume- 
each ator, ſhews by how many of theſe equal parts the value of that frac- 


ion is expreſſed. 


Thus 9 pence, is q parts in twelve of a ſhilling ; and may be writ 
bus, Ir, when a ſhilling is the unit. . | 


— 
16. Thoſe fractions, the denominators of which are 10, or 100, or 1000, 


dr 10000, or 100000, &c. are called decimal fractions: but fractions 
with any other denominators' are called vulgar fractions. Kt 


The vulgar fractions that moſt frequently occur, are theſe ; 


+, which is read one fourth, or one quarter, 

; - one third. 

- one half. 

- two thirds. 

- three fourths, or three quarters. 


e whe td 


17. As decimal fractions are parts of an unit divided into either 10, 
oo, 1000, 10000, & c. parts, according to the places in the fractional 
dumber ; therefore they are read like whole numbers, only calling them 
b many parts of 10, or of 100, or of 1000, &c. rn 


3 one ] 10, Thp- = 
. two 100, Hundred. 

3 three "= 8 1000, Thouſand. 

of the four e 10000, Ten Thouſan nd, 
&c. 8 * * 

ins. the | 4 
ontains 18. Cyphers on the right hand of integers increaſe their value; on 
there- e left hand of a decimal fraction diminiſh its value: but on the left 
ting of and of integers, or on the right hand of ſractions, do not alter their 


ue. 


Rorx, B 2 5 Thus 
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| "8 is 8 units. (0,8 158 parts in 10 2 
Thus E 8 tens. | And | 0,08 8 parts in 100 * = 44 
800 8 Hundreds. o, oo8 B parts in 1000 Wag 


When a fraction has no integer prefixed, it is convenient to put o in 
the place of units. 


719. 4 Mixed NUMBER, is when a fraction is annexed to a whole 
number. * 

Thus five and a half is called a mixed number, and is writ' 5%, or thus, 
535; winch is thus read, five and five tenths. 5 4 


20. I ike names in different numbers are ſuch figures as ſtand equally 
diſtant from the place of units ; or have the ſame denomination annexed 
to them. a 0 

Thus all numbers of pounds ſterling are like names, and ſo are all numbers 
of ſhillings ; the like of any numbers of miles, Cc. 


21. Befides the decimal notation explained in article 8, there are 
other kinds in common uſe; ſuch as the duodecimal, in which every 
ſuperior name contains 12 units of its next inſerior name: the 
Sexagenary, or Sexage/imal, in which ſixty of an inferior name make one 
of its next ſuperior. The former is uſed by workmen in the meaſuring 
of artificers works in building; and the latter is uſed in the diviſion 
a Circle, and of Time. g 


22. The following characters or marks are frequently uſed in Arith- 
metical computations, briefly to expreſs the manner of operation. 

The mark + (more) belongs to addition; and ſhews that the num- 
bers it ſtands between are to be added together. 

Thns 12 + 3 expreſſes the ſum of 12 and 3; or that 3 rs to be added to 
12, and is thus read, 12 more 3. 

The mark — (leſs) is for ſubtraCtion ; and ſhews that the number 
following it, or on the right hand, is to be taken from the number pre- 
ceding it, or on the left hand, 

Thus 12 — 3, expreſſes the difference between 12 and 3; or that 3 15 ta 
be ſubtrafied from 12, and is thus read, 12 leſs 3, or 12 leſſened by 3. 

This mark x (into) for multiplication, ſhews that the numbers on 
each ſide of it are to be multiplied the one by the other. 

Thus 12 X 3, denotes the product of 12 into 3; or that 12 is to be multi- 

lied by 3. 
g Diviſion is expreſſed by ſetting the diviſor under the dividend with a 
line drawn between them, like a fraction. | 


Thus 5, expreſſes the quotient of 12 by 33 or that 12 15 to be divided 


2 Fhis ſign = (equal) ſhews that the reſult of the operation by the num · 
bers or quantities on one fide of it, is equal either to the numbers or 
quantities on the ether ſide, or to the reſult of the operation by theſe 
numbers or quantities, 


Thus 12+3=15; and 12—3=9; and 12X3=36; and *=4) 
fſeverally ſhews the value of the preceding expreſſions. 


23. TABLES 


Book I. 


ARITHMETI CX. * 


— EEERECOITE EF SA - ** — ˙ gg 
23. 'VaBLes of ENGLISH Moxey, 'W eErGHTs, and MfEaguREs. | 


MONEY. 
Farthings Pence Shill, Pound 
gbo = 240 = 20 = 4 L. 
48 = 19H 18. 
1 


V-, 1. A 3 farthings, are thus wrii Note, Gold and Silver are w 


234. 


Troy WEICRr. | 
Grains Pennyw*, Ounces Pound 
$760 = 340 = 12 = 1 1b, 
0m 20 ww ow OY 
. 2. = 


1 dwt; 


* 


Troy Weight. 


orams Ounces Pounds Hund. Ton 
673440=35845=2240=20 = l 


AvO1RDUPOLISE WEIGHT. © 


28572= 1792= 11z= 1 C | 
266 16= 2 bb. | 

16= 1 OZ, ; 
Note, Proviſions, Stores, &c. areweighed 


504= 63=1 Hhd. 
r : 
42=1 Tierce, 
84=1 Puncheon. 


II 2 
231 = 


dy the Avoirdupoiſe, or great weight. 


Dzxy MEASURE. 

Pints Gall. Pecks Buſh. Quarter 
5128 642 3228 = 1 

6 $= 4=l 

168 223 3 

gs = 48 | | : 
Note, 4 buſh. = 1 Comb: 10 qrs.=1: 


— — 
— 


1 
eighed by 
= 1 
WINE Mr AsUue E. 5 
Solid inch Pints. Gall. Hogſh. Pipe Tu- 
38212 = 2016 8282 2 
129106 = 2008=126=2 = 1 P. 


CLoTH MEasusk. 

1 Quarter of a Yard. 
1 Yard. 

1 Enpliſhell, 

1 Flemiſh ell. 

1 French ell, 

9 inches, 

4+ inches, 


4 Nails 


4 Quarters 
3 Quarters 


3 Quarters 
6 Quarters 


a = 
: Hand 


Wey, 12 Weys = 1 Laſt of Corn, 
| 36 Baſhels=1 Chaldron of Coals, 


Barley corns Inches Fee 


23760 = 7920 = 
$94 = 198 


Los MEASURE. 


t Yards 


190080 = 63360 = 5280. = 1760 = 320 = 8 = 1 
6o = 
165 = 


But a degree contains about 69% miles of ſtatute meaſure. 
A Fathom = 6 feet = 2 vards. $44 1 1 0 


71 
Liu. 


7 , N. 


Seconds Minutes 
31556937 = 525948 = 
86400 = 1440 = 
$000 = - Go m 

50 = I 


Hours 


Days Year 
8766 = 3654 = 1 
34 = 1 day 
r hour, 


3 


Pence 1 able, 

Pence Sh, Pence Pence Sh. Pence 
20 
30 
40 
0 
bo 


s d 
I & } 70 = 1 

61 $0 8 8 
41 90 
2 100 
01 110 


Wn + ww » 


6 
3 
3 
. 

2 

2 


Even parts ct 


a Found dterling, 
is 


. 


= 
= 


— 


— 
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WR out 
pun qe 40 


Le 
4 


* t 1 
; 


Poles Furl. Mile. 
6 220 40 . 1 
K 

108 = 36 = 3 =» 1 | 

36 = 12 = 1 

35 8 
Alſo 3 miles make 1 league. 6 UV 
And 20 leagues or 60 Sea miles make a degree. 
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ADDITION. 
ADDITION is the method of collecting ſeveral numbers into one 


RurLE. iſt. Write the given numbers under each other, fo that like 
names ſtand under like names; that is, units under units, tens under 
tens, &c. and under theſe draw a line. | — 

2d. Add up the firſt or right hand upright row, under which wiitt 
the overplus of the units of the ſecond row, contained in that ſum. _ 

zd. Add theſe units to the ſum of the ſecond row, under which write 
the overplus of the units of the third row, contained in that ſum. 

And thus proceed until all the rows are added together. 


EXAMPLES, 
Ex. I. Add 28—-76—47—18 and 12 together, 


Theſe numbers being written under each other will ſtand thus. 28 
Say 2 and 8 is 10, and 7 is 17, and 6 is 23, and 8 is 313] 76 
then, becauſe 10 units in the right hand row make an unit in the | 47 
next row; therefore in 31 there are. 3 units of the ſecond row, | 18 
and an overplus of 1; write down the 1, and add the 3 to the] 12 
ſecond row, ſaying, 3 that is carried and 1 is 4, and 1 is 5, and 
4 is 9, and 7 is 16, and 2 is 18, in which is one unit of the third | 181 
row (had there been a 3d.) and an overplus of 8; write down the 
8, and add the 1 to the third row: but as there is no third row, the 1 
carried muſt be written on the left hand of the 8; and 181 will be the 
ſum of the five given numbers. EEE „ „ a3 "45 


Ex. II. Add 476 — 3784 — Ex III. Add the numbers, 10768 


18329—290——75—7638] — 3489 — 28764 —289 — 6448 
and 4b together. I —19 and 438 together. 

476 | | #8 10768 
2 . 8 | 3489 
The given numbers * The given numbers 28764 
ſet in order will ſtand 290 placed as the rule di- - 289 
thus ITE 75 |reQs, ſtand thus 6438. 
7638 | | 15 
| 46 | 438 
The Sum 30638 The Sum 50205 


Ex. IV. Add theſe numbers together. Ex. V. Ad the following number 


| | together. 
3720,45 8 : 15836 5 
1 2 25.003 : I ales 
4455.803 | | >; 
——A#t o- 583. 27008 
Sum 7928,88 0 01 — | 
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In the two laſt examples, where there are both integer and fractional 
numbers, it may be obſerved, that like integer places, and like fractional 
places, ſtand under each other; and the manner of adding them toge- 
ther, is the ſame as explained in the firſt example. 

25. It frequently happens, that numbers are to be added together, the 
names of which do not increaſe in a tenfold manner as in the laſt Exam+- 

les; ſuch as in adding different ſums of money, weights or meaſures ; 
in which, regard is to be had to the number of thoſe of a lower name, 


contained in one of its next greater name, as ſhewn in the preceding 
tables : Examples of which follow. 


Ex. VI. Add the following ſums of | Ex. VII. Add the following ſums of 
money togetber. money together. 

14. 4. 4. . . d. 

353 1" 8x ” - 7683 os 2x 
1 954 19 922 

89 17 5 4 682 10 74 
n e 
754 15 44 9384 14 2x 


In theſe two examples the carriage is by 4 in the farthings ; by 12 in the 
pence ; by 20 in the ſhillings ; and by 10 in the pounds, 


Ex VIII. Add the following Trey] Ex. IX. Add the following Avoirdu- 
Weights together. porze Meights together. 
„ Tons. Cwt. qrs. Ib. ox. 
218 10 13 18 535 a 11 
176 5 ne 
85 11 17 It 158 12 o 1 
24 A 15 21 2 Ic 2 + TA 
506 38 LUC Ta: 
Carry for 24, 20, 12, 10. Carry for 16, 28, 4, 20, 10, 
Ex. X. Add the following parts of Ex. XI, Add the following parts of 
Time together. | a Cir together. | 
Weeks, Da. Ho. Min. Sec. a. 4 ad iy 
21 „„ %%% 448; a4 
13 2 I 25 47 85 89 27 31 * 
3 „ : - "0 9 . Is 
Wo. i 4 (00 22 239 n 
e RE 4 RE 
Carry for 60, 90, 24, 7, 10.” || Carry for 60, 60, 60, 60, 10. 
| Explanation of Example VI, | 


Three farthings and 1 farthing is 4 farthings, and 2 farthings is 6 far- 
things ; which is a penny 8 ſet 9 and carry 5 

Chen 1 and 10 is 11, and 5j is 16, and 4 is 20, and 8 is 28 pence; 
which is 2 ſhillings and 4 pence ; ſet down 4, and carry 2. 

Again, 2 and 12 is 14, and 17 is 31, and 10 is 41, and 14 is 55 


| ſhillings ; which is 2 pounds 15 ſhillings; ſet down 15 ſhillings, and 


carry 2 pounds. The reſt is = 
4 : 26, 8 E C- 
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26. SECTION III. suBTRACTION. 


SUBTRACTION 7s the method of taking one number from another, 
and ſhewing the remainder, or difference, or exceſs. $4 


The ſubducend is the number to be ſubtracted, or taken away. 
The minuend is the number from which the ſubducend is to be 


taken. 1 | 
RuLe. 1ſt. Under the minuend wiite the ſubducend, ſo that like 
names ſtand under like names; and under them draw a line. r 
2d. Beginning at the right hand fide, take each figure in the lower 
line from the figure ſtanding over it, and write the remainder, or what 
is leſt, beneath the line, under that figure. hr | 
34. But if the figure below is greater than that above it, increaſe 
the upper figure by as many as are in an unit of the next greater name; 
from this ſum take the figure in the lower line, and write the remainder 
under it, | | 
4th. To the next name, in the lower line, carry the unit borrowed, 
and thus proceed to the higheſt denomination or name. | N 


EXAMPLES. 


Ex. I. From 436565874 the minuend, 
. Take 24985 5642 the Jubtucend, 


Remains .1867 12232 the difference. 


Here the five figures on the right of the ſubducend may be taken 
from thoſe over them: but the 6th figure, viz. 8, cannot be taken from 
the 5 above it. Now as an unit in the 7th place makes 10 in the 6th 
place, therefore borrowing this unit makes the 5, -15 ; then fay, 8 from 
15 leaves 7, which ſet down; and fay 1 carried and g is 10, 10 from 6 
cannot be had, but 10 from 16 leaves 6, ſet it down; then 1 carried and 
4 is 5, 5 from 13 leaves 8, ſet it down; then 1 carried and 2 is 3, 3 
from 4 leaves 1. | e 5 en 

Ex. II. From 7 Ex, III. From 327,9563 

T ake $ 0. "43 Yay + 49,8697 


— 


' 


Remains 37 | ins 278,0566 
; * ee” i: 1 — N . 


Ex. IV, From 3000, 295 | "From p 5000, 
Take 2536,876 .. * Yate 479-6378 


Leaves 27470, 419 | Leaves 4520,3622 


. „ 43 „ 
Ex. VI. Borrowed 24 14 6: Ex, VII. Lent 294 15 94 
: Paid i... Received 89 18 104 
Remains 1 6 Remains 204 16 105 


——— 


Ex. VIII. 


Book I. 
Ex. VIII. In Sexage/imats, 
„ 88 „„ iv 


From 76 28 37 49 32 
Take 65 29 16 53 45 


Leaves 10 59 20 55 47 


— ͥ —-— 
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os r. I. The ſbare of Facts 
Fable was 148% 175. bdz; 
And Tom received as much, beſide 7 {. 
186. ſmart money: How much money 
did Tom receive? Ces 


. 4. . 
Tom's prize money 148 17 64 
| Smart money 7 18 © 


Tom received 156 1 5 62 


QuesrT. III. Phat year was * 
George born in, he being 67 years 
r 


Current year 1749 
| Age 767 ſubtr. 
Year born in 1682 


Quxsr. V. A ſeaman who had 
received 46. 171. Gd. for wages 
prize money, &c. meeting with bad 
cempany'was tricked out of 18 guineas: 
Now John had reckoned to pay his 
wife's debts of ' 134,. 16s. Od. and 
bis landlady's bill of 160. 125. Re- 
guired whether he can fulfil his inten- 


f10ns, and what will the difference be? 


ARITHMETICK: / 


To «. © 3.8 | $5, vv ay © 0 
Quks r ioxs to exerciſe Addition and Subtraction. 


| 
| 
| 


Lo 1. 4. 

Money loſt 18 18 © 
Wife's debt 13 16 6 
Landlady's bill 16 12 © 
SA; 7 ; — — 

| otal 49 '6 6 
Money received | 12 17 6 
He will want 2 9 0 


E 


In Sexa . 
Rar e, iy 


| From 218 46 32 50 18 
Take 149 52 47 33 29 
F 


4.4 


vesT, II. The Spaniſh invaſion 
2 the year 1588, and the French 
attempted an melt in the year 1744: 


How many years were betiueen theſe 
fruitleſs attempts? Fe fe 
French 1744 
Spapiſ 1588 
Years between 156 
R 


QuesT. IV. Two ſhips depart 
from 8 port, one having ſailed 
835 —— s, is got 48 = a-head of 
the other : Required the aſterme 
ſhip's diflance ? © Nye 

The firſt ſhip's diſtance 835 

Their difference 48 


Second ſhip's diſtance 787 


UEST. VI. Vill and Frank talk- 
ing of their ages in the year 1749: 
Wrill ſaid he was born in the year of 
the Rebellion, in 1715, and Frank 
ſaid he remembered he was ten years 
old the year King Georgethe ſecond was 
crowned, in 1727 : Required the age 


of each, and the difference of their 
ages? | 
Current year 1749 
Will was born 1775 
Wills age 34 
Current year 1749 


King George crowned 1727 


Years ſince. kb & 
PFrank's age then 10 
Frank's age —_—_— 7 
So Will was oldeſt by two years. 
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28 SECTION IV. MULTIPLICATION, 


MvuLT1PLICATION is the method of finding what a given num: 
ber will amount to, when repeated as many times as is repreſented 


The number to be multiplied is called the Multiplicand, 
The number multiplying by is called the Multiplier. 
And the number which the multiplication amounts to, js called the 
Product. | 8 
Both Multiplicand and Multiplier are called Facfort. 


Before any operation can be performed in Multiplication, it is ne. 


ceſſary that the learner ſhould commit to memory the following table. 


29- The MuLTiPLICaTION TABLE, 
14 e 17 MR. 0. 12 
Pe $10: 13\'t4 16 ee 24 "ug 
"""Y v2 36 38-60 "24 -0p-- 9973 0 
4 16 20 24 28 32 36 40 44 48 
15 25 30 35 40 45 59 55 bs 
6 30 42 48 54 60 66 72 
7 49 85 63 70 77 84 
8 64 72 80 88 90 
9 81 90 99 108 
10 100 110 120 
11 ee 
12 1 os 


Obſerve, that in multiplying any figure in the upper line by any figure 
in the left hand column, the product will ſtand right againſt the figure 
uſcd in the left hand column, and under that uſed in the upper line. 
Thus were 6 to be multiplied by q, ſeek the greater figure g in the upper 
line, and right under it, againſt 6 in the left hand, ſtands 54 for the 
Product. And fo of others. . : 48 

The foregoing table being well known, the work of Multiplication 
will be performed as follows. . C 

To multiply any number, as 


256 
By any fingle figure, 2 


as by 7 


Set them as in the margin, and proceed 260792 


thus, 7 times 6 is 42, ſet down 2 and carry 4; 7 times'5 is 35 and 4 
carried is 39, ſet down ꝙ and carry 3; 7 times 2s 44 and 3 carried is 49, 
ſet down 7 and carry 1; 7 times 7 is 49 and 1 carried is 50, ſet down o 
and carry 5; 7 times 3 is 21 and 5 carried is 26, which ſet down, and the 
work is done. But for compound Multiplication take the following. 
30. Rü Lk. 1ſt. Write the Factors ſo, that the right hand place of the 
Multiplier ſtands under the right hand place of the Multiplicand. | 
29. Multiply the Multiplicand ſeverally by every figure of the Multiplier, 
ſetting the firſt ſigqre of each line under the figure then multiplyiag by. 
3d. Add the ſeveral Jines together ; and their ſum is the Product. 
4th. From the right hand of the Product point off, for fractions, 2 
many places as there are fractional places in both Factors; and thoſe to 
the left of che mark of diſtinction are integers; thoſe to the right ate 
fractions. R Fe. 


is ne. 
able. 


2 


ond 4 
1 1s 17 
own o 
ind the 
ing. 
» of the 
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ing by. 
duct. 
2NS, as 
boſe to 
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5th. If the number of places in the Product are not ſo many as the num · 
ber of fractional places in both Factors, make up that number by writing 
cyphers on the left hand, and to theſe prefix the mark of diſtinction. 


The leſſer Factor being written 
under the greater Factor, as here 
ſhewn, and a line drawn under 
them; ſay 3 times 2 is 6, write 6 


under the 3; then 3 times 4 is 12, 


write down 2 and carry 1; and 3 
times 7 is 21, and 1 carried is 22, 
write the 22: Again, 5 times 218 


Exam I. Multiph 742 by 53. 


Moltiplicand 742 
| 2226 
3759. 

Produt 39325 


10, write o under the 5, and carry 13 and 5 times 4is 20 and 1 carried 
is 21, write down 1 and carry 2; then 5 times 7 is 35, and 2 carried is 
37+ write down the 37: Now add the two lines together found by mul. 
üplying by 3 and by 5, and their ſum 39326 1s the product required. 


ExAMPLE. II. 


_—_ 28704 


- + 


— — 
28704 
86112 
172224 
229632 
247744224 Product. 


ExAmPLE IV. 
Tultiph ] 30,287 
oo 5 R 
1872574 
65540090 : | 
6177220 
50834493074 
The cyphers in the Multiplier of 
this example are thus managed 
Having multiplied by the 2 as be- 
fore, ſay o times 7 is o, write o un- 
der the o, and proceed to the next 
figure 7, by which multiply as be- 
fore; then coming to the ſecond o, 


ſay, o times 7 is o, write o under 
the place of the ſecond o, and pro- 


8631 | 


| 


ExAMPLE III. 
Multiply 3684,2795 
$2 | 11594 


— ny 
147371180 . 
331585255 
184213975 
257899565 
27978,4185230 
Here, becauſe there are 4 fractional 
places in the Multiplicand, and 3 in 
the Multiplier, which together make 
7, therefore 7 places are pointed off 


on the right of the product for frac- 


tions. 3 
| ExamrLis. V. 

, Multiply - o, 34796 
| 0,0258 


5 9 
| . 7, $:098977368 _ 

Here becauſe there are 5 fractional 
places in one Factor, and 4 in the 
other, there ſhould be 9 fractional 
places in the Product; and there 
ariſing but 7, therefore 2 eyphers 
are ſet on the left hand to make: q 


places. + 


ceed to the next figure 6, by which 
multiply as before, | 
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31. - SECTION v. D]VISION. 


Divisiox ig the method of finding how often one number is con. 
tained in another; or may be taken from another. 


Book J. 


The number to be divided, is called the Dividend. 

The number dividing by, is called the Diver. | 

The Quolient is the number arifing from the diviſion, and ſhews how 
many times the diviſor is contained in the Dividend. © | 
Ihe operations in diviſion are performed as follow. 

32. RuLE. 1ſt On the right and left of the Dividend draw a crooked 
line; write the Diviſor on the left fide, and the Quotient, as it ariſes, 
on the right {ide of the Dividend. . SEEN. 
2d. Seek how often the Diviſor may be taken in as many figures on 
the left hand of the Dividend, as are juſt neceſſary; write the number 
of times it may be taken, in the Quotient; and there will be as many 
figures more in the Quotient, as there are figures remaining in the Di- 
vidend then not uſed. | EY - | 

3d. Multiply the Diviſor by this Quotient-figure, ſet the Product un- 
der that part of the Dividend uſed ; ſubtract, and to the right hand of 
the remainder bring down the next figure of the Dividend: Divide as 
before; and thus proceed until all the figures of the Dividend are uſed.” 

4th. If there is a remainder, to its right hand fide annex a cypher or 
cyphers, as if brought down from the dividend, and divide as before; 
and thus it is that fractions ariſe, viz. from the remainders in diviſion. 
zth. When any figure of the Dividend is taken down, or annexed, as 


before ſhewn, and the Diviſor cannot be taken in the number thus in- 


creaſed; put o in the Quotient, and take down, or annex, another figure; 


and proceed in like manner till the Diviſor can be taken from the number. 


th. When fractions are concerned: From the number of fractional 
laces uſed in the Dividend, take thoſe in the Diviſor; count the num- 
ber of remaining places from the right of the Quotient, put the mark 
there; and thoſe to the leſt are integers, thoſe to the right fractions. 
7th. If there ariſe not io many places in the Quotient as the 6th article 
requires, ſupply the places wanting with cyphers on the left, and to 
thole prefix the fractional mark. Erna not - 


0 


Ex. I. Divide 3656. among 8 perſens. 


Set the given numbers as in Art. 1ſt. Now the two leſt $)3956(457 
hand figures contain 8; then ſay 8 is contained in 36, 4 times; 2 | 


ſet 4 inthe Quotient, and ſay 4 times 8 is 32, ſet 32 under 45 


36, ſubtract, there remains 4, to which bring down the next 42_ 
figure of the Dividend 5, makes 45 ; then ſay 8 is contained 56 
in 45, 5 times; ſet 5 inithe quotient, and ſay 5 times 8 is + 50 
40; write 40 under 45; ſabtract, and to the remainder 5 +  ® 
take down 6, the gext figure of the dividend, makes 563 then ſay 8 is 
contained in 56, 7 times; write 7 in the Quotient, multiply 8 by 7 makes 
6, which write under the other 56, and ſubtrating there remains o: 
o it may be concluded, that 3656 contains 8, 4.57 times: Or, if 3656/. 
be divided among 8 perſons, the ſhare of each would be 45 /. — . 


K 1. Book I. ARITHMETICK 13 
; II. Divide'2125 by 25. Ez. III. Divide 95269 by 47 
4 "e K bu een HY | | 47)95269(2027 
* Nag 8 
9 See precept 5th. 126 
$24 1 
| 125 329 
| hoy = ws 329 
op 8 
zoked 2 * | 
riſes, Ex IV. Divide 5859 by 124. Ex. V. Divide 337,27368 by 6,28: 


6,28 27368(c3,705 for 
es on 9 | — kb, (63 Quotient. 
be *. See precept 6th, 
ma pa 
05 6 | - -: = 

10 for the Remaind, | 4433 
* 268 See precept 4th. 4396 
1de as * See precept th. 3768 
uſed. 2 8 
her or — — 
efore; | r 10 K. 
fon Ex. VI. Divide 2,3569 by 673,4. In Ex. VI. the 4 fractional. places 
ted, 28 673,402, 3569038 given in the Dividend, and the o 
us in- 20202 Quot. 0,c035 uſed with the Remainder, make 5 
gure z fractional places; from which x 
imber. 33670 See precepts place in the Diviſor being taken, 
tional 33670 4th, 6th, 7th. |Jeaves 4 fractional places ſor the 
> NUM» — Quotient; but in the Quotient are 
> mark only the two places 3 5 therefore 2 cyphers are prefixed, and makes 
_— „0035, before which, tor form ſake, an o is ſet for the place of units. 
article 
and to 33. When the Diviſor does not exceed the number 12, the Diviſion 
"3 may be performed in one line; by making the Multiplication and Sub- 
traction mentally, or in the mind, and carrying the Remainder, as ſo 
many tens, to the next figure. 
5560457 34. In all operations of Diviſion, it muſt be obſerved, that the Pro- 
. duct of the Diviſor by the T- muſt not exceed that part of 
45 the Dividend then uſing; and the Remainder, by ſubtrating the Pro- 
40 duct, muſt ever be leſs than the Diviſor. 
56 As the Quotient multiplied by the Diviſor makes the Dividend ; 
. So the Product of two numbers being divided by one of them, will 
5 give the other; that is, Diviſion is proved by Multiplication, and Mul- 
ſay 8 1s tiplication is proved by Diviſion. 


; 
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35 SECTION VI REDUCTION. 


| REDUCTION #s the method of reducing numbers from one 
name, or denomination, to another ; retaining the ſame value. 


Cas I. To reduce a number conſiſting of ſeveral names, to their leaſt name. 

RuLE. iſt. Multiply the firſt, or greater name, by the parts which 
an unit of that name contains of the next leſs name; adding to the Pro- 
duct the parts of the ſecond name in the given number. 

2d. Multiply ..this ſum by the number of times that an unit of the 
next leſs name is contained in one of the ſecond name ; adding to the 
Product the parts of the third name contained in the given number: 
And thus proceed, until the leaſt name in the given number is arrived at. 


Ex. I. In 23. 145. 61 d. how Ex. II. In 81b. 102 of gold, bow 


many farthings ? many grains? 
3 Ib. oz. 
23 14 64 8 10 
20 : 12 

474 Shillings, 106 Ounces, 

12 20 

5094 Pence. | 2120 Pennyweights, 

4 24 : 
Anſwer 22778 Farthings. 8480 
— — f 4240 


50880 Grains. 


Ex. III. In a cannon weighing 2 Tons, Ex. IV. In 36 deg. 48“. 27”. 59% 


140. 39r.. 190b. how many pounds © how many thirds ? 
T. C. Qrs. Ib. T 
2 14 3 19 | 36 48 27 56 
2 | = 
54 C. weight. . pe "ERA 
219 Qrs. 90 
0 132507. Seconds. 
1771 n 
438 | 
6151 Pounds. 7950476 Thirds. 


An explanation of the firſt Ex. will make all the reſt plain. Since 
pounds is the greateſt name in the given number, and an unit thereof 
contains 20 of the next Jeſs name, or ſhillings ; therefore multiply the 
pounds by 20, ſaying © times 3 is o, to which adding the 4 in the 14s. 
makes 4; then 2 times 3 is 6, and the 1, in the place of tens in the 
ſhillings, make 7 ; then 2 times 2 is 4: Now multiply 4748. by, 12 
ſaying 12 times 4 id 48, and the 6 in the pence make 54, write 4 and 
carry 5; then 12 times 7 is 84 and 5 is 89, Sc. Laſtly, multiply the 
5694 pence. by 4, ſaying 4 times 4 is 16, and the two — in the 
given number is 18, write 8 and carry 1, Cc. 

36. Cask 


- 
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36. Cask II. A number of an inferior name being given; to find bow 


any of each ſuperior denomination are contained in it, 


* xe - 
ALL E 


= * 
. k 
| Firs. 
2 be af 8 
n : - 


= 
1 f * 
8929 ͤ „ 


RuLe. iſt. Divide the given number, by the number of times that 
ze of its units is contained in an unit of the next ſuperior name. 

24 Divide this Quotient by the parts making one of. the next name. 
3d. Divide this Quotient by the parts making one of the next name : 
nd procecd in this manner, until the higheſt name 1s obtained. 

4th. Then the laſt Quotient, and the ſeveral remainders, ill be the 
arts of the different names contained in the given number. 


on 


x. I. In 22778 farthings, how many Ex. II. In 7950 thirds of a de- 
pounds, ſhillings, and pence ? gree, bow many ©? 
4)22778( 2 Farthings. | 6,0)79504756( 56 Thirds. 


—  —— 


12) 5694 6 Pence. 6,0)13250,7( 27 Seconds, 


— — = — 


2,0) 47,4( 14 Shillings, 6,0) 220,38( 48 Minutes. 


oe 


SIE 


OE; = 


23 Pounds. | 36 | 'Deprees. 
Anſwer 23L. 14. 614d. Anſwer 365. 48“. 27”. 56”. 


x. III. In 6151 pounds, how many Ex. IV. In 50880 grains, how many 
ons, Hundreds, Duarters, Pounds? | Pounds, 'Ounces, Pennyweights, Eri. 
28)6151(219 | 24)50880(2120 
56 | 8 48 
— 402190 3 Qu. | — 2,0)212,0{odwt. 
12 28 
28 2, 0) 5,40 14 C. 24 |12) 106( 10-02, 
—— — l 3 — 
271 2 Tons. | 48 8 Ib, 
252 438 0 


19 Pounds. 
Anſwer 2T. 14C. 30s. 19lb. | 


EFT 


5 9 * 


n 


0 
Anſwer $1b. 10 oz. 


"a6. a 5 2 F 


Explanation of Ex. I. Since 4 of the given number make one of the 
ext name, pence ; then 22778 divided by 4, give 5694 pence, and a 
emainder of 2 farthings ; then 5694 pence divided by 12, the numbec 
pence in one of the next name, ſhillings, the Quotient is 4744hillings, 
d a Remainder of 6 pence; then 474 ſhillings divided by 20, the num- 
er of ſhillings in one of the next name, pounds, the Quotient is 23 


Wounds, and a Remainder of 14 ſhillings. And by the 4th precept, the 
nſwer is collected. : | 


A like operation will folve the other examples, having regard to the 
acceaſe of the different names. | 


37. In any Diviſion, if the Diviſor has one or more cyphers on the 
ght hand, thoſe cyphers may be pointed off; but then as many places 
uſt be pointed off from the Dividend, which places are not to be divid- 
but annexed to the right-hand of the Remainder, Sce the abore 
xamples. | 38. Cask 


= 


14 
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Ex. I. In 23. 14s. 61 d. how 


many farthings ? many grains? 
© 6 Ib. oz. 
23 14 64 8 10 
20 | 12 

474 Shillings, 106 Ounces, 

12 20 

5094 Pence. 2120 Pennyweights, 

5 | 24 ; 
Anſwer 22778 Farthings. 8480 


Ex. III. In a cannon weighing 2 Tons, 
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REDUCTION, 


- REDUCTION is the method of reducing numbers from one 
name, or denomination, to another ; retaining the ſame value. 


Cas I. To reduce a number conſiſting of ſeveral names, to their leaſt name. 

RuLE. iſt, Multiply the firſt, or greater name, by the parts which 
an unit of that name contains of the next leſs name; adding to the Pro- 
duct the parts of the ſecond name in the given number. 

2d. Multiply this ſum by the number of times that an unit of the 
next leſs name is contained in one of the ſecond name ; adding to the 
Product the parts of the third name contained in the given number: 
And thus proceed, until the leaſt name in the given number is arrived at. 


Bock I; 


Ex. II. In 816. 10 of gold, bow 


50880 Grains. 


Ex. IV. In 36 deg. 48. 27”. 59%. 


140. 3grs. 190b. how many pounds ? how many thirds ? 
T. C. Qrs. Ib. * 
2 14 3 19 36 48 27 56 
20 60 
C. weight MOT 
4 rs. 5, * Minutes. 
219 Qrs. 
2 132507. Seconds. 
52 e 
438 


5151 Pounds. 7950476 Thirds. | 
An explanation of the firſt Ex. will make all the reſt plain. Since 
pounds is the greateſt name in the given number, and an unit thereof 
contains 20 of the next Jeſs name, or ſhillings ; therefore multiply the 
pounds by 20, ſaying o times 3 is o, to which adding the 4 in the 145. 
makes 4; then 2 times 3 isg6, and the 1, in the place of tens in the 
ſhillings, make 7 ; then 2 times 2 is 4: Now multiply 4748. by 12 
ſaying 12 times 4 is 48, and the 6 in the pence make 54, write 4 and 
carry 5 ; then 12 times 7 is 84 and 5 is 89, &c. Laſtly, multiply the 
5094 pence by 4, ſaying 4 times 4 is 16, and the two kings in the 
given number is 18, write 8 and carry 1, &c, | 
36. Cas 


- 
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36. Cask II. 4 number of an inferior name being given; to find bow 


many of each ſuperior denomination are contained in it, 


Rurk. 1ſt. Divide the given number, by the number of times that 
one of its units is contained in an unit of the next ſuperior name. 
2d Divide this Quotient by the parts making one of the next name. 
3d. Divide this Quotient by the parts making one of the next name : 
And proceed in this manner, until the higheſt name is obtained. 

4th. Then the laſt Quotient, and the ſeveral remainders, will be the 
parts of the different names contained in the given number, 


Ex. I. In 22778 farthings, how many Ex. II. I. 7950476 thirds of a IM 
pounds, ſhillings, and pence ? gree, bow many 9"? 


4)22778( 2 Farthings, | 6,0)79504756( 56 Thirds. 

12) 5694( 6 Pence. | 6,0) 13250, ( 27 Seconds. 

2.0) a3 14 Shillings, 6, o) Pave 48 Minutes, 
pry. Pounds. 36 Degrees. 

Anſwer 230. 14. 65d. Anſwer 36“. 48“. 27”. 56”. 


Ex. III. In 6151 pounds, how mam Ex. IV. In 50880 grains, how many | 
Tons, Hundreds, — Pounds? Pounds, Ounces, Pennyweights, Eri. 


28)6151(219 24)50880(2120 
33 W 18 — 
— 492190 3 Qr | _ {2,0)212,0{o0dwt. 
55 * — 
28 2, 0) 5,46 14 C. 24 |12) 106( 10 oz. 
—D—ñ—w—̃— — — 14 — a—_ —— 
271 2 Tons. 48 8 ib, 
252 48 . 
19 Pounds. 0 
Anſwer 2 T. 14C. 3018. 1glb., | Anſwer Slb. 10 or. 


Explanation of Ex. I. Since 4 of the given number make one of the 
next name, pence; then 22778 divided by 4, give 5694 pence, and a 
Remainder of 2 farthings; then 5694 pence divided by 12, the number 
of pence in one of the next name, ſhillings, the Quotient is 474 ſhillings, 
and a Remainder of 6 pence; then 474 ſhillings divided by 20, the num- 
ber of ſhillings in one of the next name, pounds, the Quotient is 23 
pounds, and a Remainder of 14 ſhillings. And by the 4th precept, the 
anſwer is collected. f | 


A like operation will folve the other examples, having regard to the 
increaſe of the different names. * 


37. In any Diviſion, if the Diviſor has one or more cyphers on the 
right hand, thoſe cyphers may be pointed off; but then as many places 
muſt be pointed off from the Dividend, which places are not to be divid- 
ed, but annexed to the right-hand of the Remainder, Sce the abore 
examples. a 38. CasE 
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id 
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38. CAsE III. To reduce a vulgar fraction to its equivalent decimal fraction. 


RulLR. To the Numerator annex one or more cyphers, divide this by | = 


the Denominator, and the Quotient will be the fraction ſought. 


If the Diviſion does not end when fix figures are found in the Quo- nn 


tient, the work necd not be carried any farther. 


Exam, I. To reduce 2 to its equivalent decimal fraction. 


Here 423 the Denominator is 423)15,00(9,03546 
made the Diviſor, and 15 the X 1269 | 
Numerator is ſet for the Dividend — 
to which annexing a cypher or two 2310 
for fractional places, ſeek how often 2115 : 
the Diviſor can be had in 15 the pan”; 2 
integral part of the Dividend; and 18 . — 
as it cannot be taken, put o in the 6.448 
Quotient for the place of units: 2580 „ 
TT hen taking in one fractional place, 2338 
ſeek how oft the Diviſor can be had | — 
in 150, ſay o times, and put another 420 
o in the Quotient for the place of — 


primes: Now taking in two fractional places to the 15, the Diviſor will 
be contained in it thrice, and thus proceed until the Diviſion ends, 
or till 6 places ariſe in the Quotient: But in this example, as the 6th 
place would be o, it is omitted, becauſe cyphers on the right hand of 
decimal fractions are of no ſignification, as will evidently appear, No- 
tation of Fractions being well underſtood. | 


Ex. II. Reduce I to a decimal fraction. Ex. III. Reduce I to a decimal fraction. 
21,00, 5 Anſwer. 4) 1, oo(o, 25 Anſwer, 


TG 0 


Ex. IV. Reduce 5 to a decimal fraction. Ex, V. Reduce to a decimal fraction. 
4) 3. 0000, 75 Anſwer, 8) 5, ooo (o, 625 Anſwer, 


Ex. VI Reduce I to a decimal fraction Ex. VII. Reduce {+ to a dec. fraction. 
3) . 00, 33. &c. Anſwer. 12) 7, ooo0(o, 5833 &c. Anſ. 


— — 


39. In the two laſt Quotients, it may be obſerved, that 3 would con- 
tinually ariſe; ſuch decimal fractions are called circulating, or recur- 
ring fractions: Theſe have a peculiar kind of operation belonging to 
them, which the — reader will find in a book entitled 4 Gene- 
ral Treatiſe of Menſuration*, the third edition, publiſhed in the year 
1757; and alſo in other books. | ; | 


* — 


* By the Author of theſe Elements. 
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40. Cas E IV. Ty redace a number conſiſting of different names, to a de- 
imal fraction of its greateſt name. 


* RuLE. 1ſt. Write the given names orderly under one another, the leaſt 
me being uppermoſt; and on their left fide draw a line: Let theſe be 
ecckoned as Dividends, 
24d. Againſt each name, on the left hand, write the number making 
dne of its next ſuperior name: And let theſe be the Diviſors to the or- 
ner Dividends. 
1 3d. Begin with the upper one, and write the Quotient of each diviſion. 
' Ss fractions, on the right of the Dividend next below it; then let this 
nixed number be divided by its Diviſor, &c. 
And the laſt Quotient will be the decimal fraction ſought, 


Ex. I. Reduce 155. 93. to the fraftional part of a pound ſterling, 


Firſt ſet the three farthings, the g pence, the 15 ſhillings 413 

nd o pounds under ene another; and againſt the far- 12.7 
hings ſet 4, againſt the pence ſet 12, and againſt the 205.825 
ſhillings, 20; then the three with os. ſuppoſed to be an- 29525 
_ncxcd, being divided by 4, the Quotient 75 is writ on | 
the right hand of the g pence ; and the mixed number 9,75 with os. 
annexed as they are wanted, being divided by 12, the Quotient , 825 


Il! is writ on the right hand of the 158. then this mixed number 15,8125 
r being divided by 20, the Quotient o, 79062 5. is the anſwer 
of Ex. II. Reduce 15. 25. to the frac- Ex. III. Reduce 48". 17”. 53”. to 
oy tional part of a pound ſterling. the fractional part of a degree, 

4j1 | < "os 53 

1202,25 6017.883333 
Mn 201, 1875 608, 298095 

9.059328 2.80406) 


Anfwer 17. 21d, = , 593751 · Anſw. 48“. 1753. S0, 80496 Deg. 


on. Ex. IV. Reduce Soz. 1 5 dwt. 18gr. Ex. V. Reduce zrt. 1916. 149%. to 


to the fraftional part of a pound troy.| the fractional part of a C. weight 


4|18 4/14 
2 412 (45 1634 (358 
1 0 __: 
17975 7 (490375 
0,732291 4 3.709821 
. 297485 


Anſ. Soz. 15dwt, 18gr. =0,7 322911b. Anſw. 5qr. 19lb. 140z.=0,927455 C. 


41. Here becauſe 24 is a number Here the 16 is broken into the 
too great to divide by in one line, numbers 4 and 4; and 28 into 4. 
therefore it is broke into the parts and 7; and 14 is divided by 43 and 


ns TOY multiplied Rs the Quotient 3,5 by 4, &c. 


C 42. Casg 


A RIT H ME TIC K. Book I; 


fraftiom of a ſuperior name, to its 


* 


42. CAsE V. Te reduce a decimal 


value in inferior denominations. 


RuLe iſt Multiply the given fraction by the number that an unit 
of its name contains units of the next leſſer name; from the right hand 
of the Product point off as many plates as there are in the given fraction. 

2d. Multiply the places, ſo pointed off, by as many as an unit of this 
name contains of the next leſs name; point off as before. 

And thus proceed until the multiplication is made by the leaft name: 
3d. Then the integers, or the numbers on the lefc of the diſtinguiſh- 
ing marks in each Product, will be the parts in each name, which to- 
gether are equal to the given fraction. 


ExamPLE I, What number of PBillings, pence, and farthings, art equal in 
value to o, 790625. flerling. Sp Lt 
Here an unit of the given name . (. , 790625 
contains 20 of the next. leſs name N 20 9 
3 


ſhillings; then multiplying by 20, os 
and pointing off 6 places on the ee F | 


right, becauſe the given number 
0,790625 contains 6 fractional places, 
the Product is 15,812500 fſhil- 
lings; then the fractions of this 
number, viz. 812500 multiplied by 
12, the number that an unit of this 
name contains of the next leſs | 

name, and the product pointed as before, there ariſes 9,7 50000 pence z 
the fractions of this number multiplied by 4, gives 3,000000 farthings ; 
then the parts pointed off on the left, viz. 1 58. 94d. are the value of 


| 82 
9750000 | 
Far. 3,0000000 


. 
ar 
m 
* 


44 


- CY - 9 © 


en fraCtion, 
Exam II. Nhat is the value of {Ex AurTE III. What is the value of 
L. 0,056285 Deg. 0,58695 
20 816 n 
% 1, 12570 Min. 35, 217 Io0 
12 ] 60 
— — N — — 
4. 1,5084 Sec. 13, ozlo 
4 bo 
far. 2,0336 Thirds o, 120 5 
ExamPLEIV. Vat is the value of ExaurrE V. What is the value of 
0, 7322910. troy? o, 927455 part of a C. weight ? 
This example worked 2 above, | By operating as above, multiply- 


by multiplying by 12, 20, 24, 
value will be fonnd to be 


80z., 15dwts. 18gr. nearly. 


the 


ing Y 4» 28, 16, the anſwer will 


34's. 191b. 1402, nearly. 
43. Quzs- 


UESTIONS to exerciſe the preceding rules. 


19 


ook I. 


abtract 1170. the crew's ſhare, 
om 1578LF. the whole prize. 


mains 408. the captain's ſhare. | 
| 
QuesrT, III. A ſeaman, whoſe 
agi 355. bd. 4 month, returns | 
ane at the end of 29 months; be bav- 
ng taken up 124. 18s: How much 
bas he to receive Wha 
„ oh 
6 
— . 
| 426 pence a month, 
mult. by 29 months, 


— 


— 


| 


834 
52 


12)12354 pence 


. . * - 7 * 


91. GS wages 
187. od. received, 


2,0) 102,9 


5. 
1 240 - 


remains 38. 11% 69. to receive. 


QuesT. v. In 306 crowns, how 
many half crowns and pence? 


612 half crowns. 
Anſwer | 18360 pence. 


Quesm. VII. 4 ſeaman's ſhare of 


@ priæe Was 14 guineas, 32 moidores, 


N 


| 


3- | 
esT. I. 4 with the cap-] Qs r. II. A beats cretu f 15 
— 26 hands . prize which men got by plunder 32 L. Huw much 
| for 1578, 3 each ſeaman | was the ſbare of each ? | 
4451. and the captain the reſt : 15)221(21 L. 
ow much was his ſhare ? « -"Y 
26 Men . * 
5 — 285 15 
— remains 60. Which 


mult. by 20. in 1. 
I 5) 120%. (87. 
120. 


— — 


Anſwer 210. 87, to each. 


Qursr. IV. Siæ meſi- mates, 1059 
propoſe to live well during an Eaſl- lu 
dia voyage of 22 months, agree to ex- 
pend among them 5s. a day, beſites 


|the ſhip's allatbante Now one of them 
[having but 255. a month, how will 


matters fland with him ag-the end of 
the voyage ® 


Now 29 days, at 58. 5 day, makes 


40. ot . a month 3 which for 


22 months, is 154. 


Then a! fixth pact of 1540. is 


251. 135. 4d. for each man. 
Alco 28. a month for 22 months 
makes 27. 108. for wages; which 
will overpay his expences, by 14+ 
ibs. 8d. | 


7 


Quesr. VI. In 30 chalders of 
coals, each of 36 buſhels, how many 


pecks ? 
| Anſwer 4320 pecks, 


.. Quesr. VIII. Suppoſe a ſhip Je 
5E miles gn hour for 14 days : How 


12 thirty-fix ſhillings pieces, and 52 
piſlales at 175. each: Ho 
ferling did the whole come to? 
Anſwer 1230. 147. 


C 


Hou much in the 


many degrees and minutes has fhe ſailed 
wholz ; 60 ſea miles making 
one degree? © 5 

Anſwer zo deg. 48 min. 


2 8 EC- 


26 ARITHME TIC. Book I. 


SECTION VI. of PROPORTION: 
Or, THE RULE OF THREE. 


\ 


q 
1 


44 Four numbers are ſaid to be proportional, when b comparing 
them together by two. and two, they either give equal Products or 
equal Quotients ; 


Suppoſe theſe four numbers 3 8 12 32 


i 


In comparing them together by multiplication, * 5-4» 

The Product of 3 and 8 is 24; of 12 and 32 is 384, unequal.” 
of 3 and 12 is 36; of 8 and 32 is 256, unequal, 
of 3 and 32 is 96; of 8 and 12 is 96, equal. 


Therefore 3 8 12 32, are called proportional numbers. 


Now let them be compared together by diviſion. 


The Quotient of 8 by 3 is 2,6 c. of 32 by 12 is 2,6 Cc. equal. 
of 12 by 3 is 4 of 32 by 8 is 4, equal. 
of 32 by 3 is 10,6&c. of 12 by 8 is 1,5, unequal. 


Therefore by this compariſon, the numbers are ſaid to be proportional. 


In this kind of comparing four numbers together, there is no need 
to try for more equal Products, or Quotients, than one ſet of either 
ſort ; for either caſe will determine the proportionality independent of 
the other. v | | 

But it muſt be obſerved, that among four proportional numbers, there 
will be but one ſet of equal ProduCts, and two ſets of equal Quotients, 
the ſmaller numbers being Diviſors. „ 

5. When four numbers are to be written as proportionals, they muſt 
be placed in ſuch order, that the Product of the firſt and fourth be 
equal to the Product of the ſecond and third. 

A queſtion is faid to _ to the Rule of Three, when three num- 
bers or terms are given to find a fourth proportional, which is the 
anſwer to the queſtion. | 2 : 

And in order to reſolve ſuch. queſtions, the three given terms muſt 
be firſt placed in a proper order, which is called ſtating the terms 
of the queſtion, £ ao bs 12 

46. Queſtions in the Rule of Three are ſtated, and reſolved by che 
ſollowing precepts. | | b EO 

1ſt. Conſider of what kind the fourth term, or number ſought, will 
be, whether money, weight, meaſure, time, &c. and among the three 
numbers given in the queſtion let that which is of the ſame kind with 
what is required be placed for the third term, | | 

2d. From the nature of the queſtion, determine whether the number 
ſought will be greater or leſs than the number which is placed for the 


third term. | 


3d. If 


Boc [x ARITHMETICK. 21 
zd. If the fourth term will be 2 than the third, ſet the greater of 
he remaining two terms for the ſecond, and the leſs for the firſt, 


pf the ſame name 


name the third term was reduced to. 


Here it is plain, that the term 
ſought, or the worth of 24 yards, will 
be money ; therefore the given mo- 
ney 18s. is ſet for the third term; 
and as the worth of 24 yards muſt 
be greater than the worth of 4 yards, 
therefore the 24 is ſect for the 2d 
term, and the 4 for the 1ſt. Then the 
2d term 24 being multiplied by the 
3d, 18, the Product is 432, which 
divided by the 1ſt term 4, the Quo- 

tient or 4th term is 108. which are 
ſhillings, the ſame name of the 3d 
term ; then 108 ſhillings divided by 
20, gives 5/.. 85. 


Here the anſwer or 4th term is to 
be time; therefore let 12 months, 
the given time, be ſet for the 3d 
term: Now it is evident, that the 
150%. being leſs than the . 
mult be kept a longer time, and 

the 4th term will be greater than the 
3d term: Therefore the 200 is put 
or the 2d term, and the 150 fo 
the iſt. Then the 2d term multi- 
plied by the 3d, the Product will 


months. 


Anſwer 16 months, 


2400 ; which being divided by the 1ſt term, the Quotient 16 is the 
4th term ; and becauſe the 3d term was months, the 4th term will be 


C3 


But if the fourth term is to be leſs than the third, ſet the greater of 
he remaining two terms, for the firſt, and the leſs for the ſecond. 
Then in either caſe, the given three terms are ſtated. | 
4th. Reduce thoſe terms which conſiſt of more names than one, to 
dne name; and obſerve that the firſt and ſecond terms are always to be 


5th. Multiply the ſecond and third terms together, divide the Product 
by the firſt term, and the Quotient will be the fourth term, of the ſame 


47. QuesT. I. If 4 yards of cloth cet 18s. what will 24 yards ce? 


404320108 ſhillings, 
"2,0)10,8 ſhillings, 
pounds. 

Anſwer L. 8. | 


Quesr. II. If I lend 200. for 12 months, haw long ought I to have the 
uſe of 150{,. to recompence me? 


& £m 
150—200—12 
IZ 


1 5,0)240,0(16 months. 
15 | 

90 

90 


— — 


Quyzor. 


| 
| 
| . 


——— — 
* 


. 
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VEST. III. What will 4836 lb. 
of rarſins come to, at the rate of bs. 
84 for 241b.f 

Here as money isthe thing ſought, 
money mult be the 3d term: And 
as 6s. 84. conſiſts of two names, 
they muſt be reduced to one name, 


V1Z, Pence. 
15. 15. 3 
24 — 1836 — 6 8 
= 6 8 | 
1836 12 
80 — 


80d.=3d term. 
24) 146880 (61204. 4th term. 


14 —— 


— 12) 6120 


28 
24 2, o) 51, 107. 
48 2 . 
18 $4 
O 


Here the 2d term being multi. 
plied by the 3d, and the Product di- 
vided by the iſt, the Quotient is 
6126 pence; which being valued, 
gives 25. 10s. 


QuesT. IV. If 20 yards of cloth, 
5 quarters wide, wall ſerve to hang a 
room : Flow many yards of 4 quarters 
wide will ſerve to hang the ſame 
room? | 
Here yards ol length are required; 
then 20 yards muſt be the 3d term. 
grie gri. yd, 
0 


| 


[1 etl Engliſh? | 


| the Quot. is written under the Divid. 


5 | 
4) noc( 8 
Anſwer 25 yards. 
1 


#8. As it will be more cohvenient in moſt caſes to teduce ſuch num- 

» or terms, which conſiſt of ſeveral names, to the fractional parts of 
their greateſt name, than to reduce them to their loweſt name ; therefore 
in the ſolution of ſome of the following queſtions, the inferior parts of 
the given terms are reduced by Cafe IV. of Reduction; and the anſwers 


are ated by Cafe V. 


viz. 78. 6d. 
{+ 8 # Mr. 
go 112 
| 12)41670 6d. 90 pence, 
2,0) 3472 124+ 
173 ; 


E THICK. Book J. 


Quesr. V. What will 420 yards 
of cloth come to, at 145. 103 d. for 


The term ſought being money, 
the 145. 104d. mult be the 24 ne 
term, and be reduced to farthings ; Wl 
alſo the 1ſt and ad terms are to be 
reduced to quarters of yard. 

Eil Eng. yds. t „. 

1i— 420 — I4 101 


I 420 14 lot 
. 
5 1680 778 
715 4 
8400 [715 far.=3d term, 
a 
11760 
51201200 
4) 240240 ſarthings = th term. 
12) 60060 pence. 


2, o) 500, 5 5 ſtillings. 


250 pounds. 
2 250 L. 51. 


The Diviſor 5 being a ſingle digit, 


Quksr. VI. A owes to B 165 
but compounds for 76. 6d. in 
pound: How much muſt B receive 
for bis debt? 

Here compoſition money is the 
thing ſought; then the 3d term 
muſt be the compoſition money, 


Aniver 173L. 12. 6d. 


QuEsT. 


Book I. 


QuesrT. VII. If 8 6. of pepper 
coft 45. 8 d. What will 7 C. 39rs. 
14 Ib. come to at that rate? 


Ib C. qrs. Ib. „ 4. 
8——7 3 14 — 4 8 
4 12 
31 56 
28 882 lb. — 

262 —— 

62 $292 

_—_— .... 4 

882 — 

— 949392 
12)6174 6d. 
2,0) 51,4 14 % 


7 L. = 
Anſwer 251. 145. 6d. 


QuesT. IX. bat is the interef 


of 584 {. for a year, at 58 per cent. 
per annum: Or at the rate 


0 . 
for the uſe of 100/,. for a 2 4 
Here intereſt is the term required; 
therefore 8. the intereſt of 100F. 
is to be the 2d term: And as the 
4th term, or the intereſt of 584. 
is greater than the 3d term; then 


the 2d term is to be greater than 
the 1ſt. 


To 7 4. 
100 — 58.4. — 5 
5 | 
1,00) 29,20( See Caſe V. of 
— of Reduction. 
20 
| 400 
Anſwer 200. 4 


Quxsr. XI. What is the inter eil 
of 542 . 10s. for 219 days, at 
51. per cent. per anna? 
To ſolve this queſtion, find the 
intereſt for 1 year; multiply thi 
intereſt by 219, and divide the Pro- 
duct by 365, the Quotient will 

the anſwer and is 16. 55. 64. 


C 
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uss. VIII. One bought 4 
Ba. of ſugar, each containing 6 C. 
2 qrs. 14 66. at 2. 85. 6d. for each 
C. weight : What did the come 


to? 
eb | Go rs. Ib. Y 4. J. 4. 


1— 6 2 14 — 28 6 


Now 1 C. weight is 112 lbb. 
And i Hh. at OC. 20. 14 lb. =2968lh, 
Allo 21 Bs. 64d. is 5824. \ 
Then the Product of the ad and 30 
terms is 1727376. 2 
Which divided by the iſt term 112, 
the Quotient is 15423 pence, whoſe 
value is 644. 57. 34. a 


5 
* 


8 4 12 A 1 


VEST. X. What is the intereſt 
of 38%. 125. for three years and 4 
months, at 3+ per cent. per annum? 
Find the interelt for 1 year; then 
thrice that, together with 4 of one 
year, will be the intereſt ſought. 
P of £o r 
100——387.6——3,5 
355 


19350 
11628 


— 


100) 1356.60 | 
13,566 for 1 year. 
3. 


; 40,698. for 3 years. 
+ of 1 year = 4-522 for 4 months... 
Tae ſum: 45, 220 is the intereſt. 
Anſwer AC. 45. 54 

Anſwer 45L. 4% 5% .-4 
Quest. & | FE 7 bow long mf 

$976" 10s. be at ſimple intartſi, a 

47 * ee audum, 4 
Find what will be the inceret 5 
487]. 10. for 1 year; divide 95. 
Wk 4. by this "intereſt, and the 
Quotient will be 45 feats. 


4 QuesT. 


o 
. 


[3 on 
* 


951.15. 


24 ARIT HM 
Qpxsr. XIII. One bought 14 pipes 


of wine, and is allowed 6 months cre- 

dit : But for ready money gets it 64. 

ma gallon cheaper H much did 

be ſave by paying ready money ?. 
Anſwer 44L, 25, 


UEST. XV. One bought 3 tons 
of oil for 153. 95. which having 
leaked 74 gallons, 4 would make the 
prime-coft of the remainder ; How 
muſl it be ſold per gallon ? 

Now 1 T. 252 Gall. And 3 T.=y 56 
 Syubrrat the gallons leaked = 74 


Remains 682 


86. L. 
Then 682 — 1— 153,45 
Anſwer 44, 64. a gallon, 


Quksr. XVII. 4. 1. for 
100 db. of goods : What will 895 tb. 
come to, allowing 41b. upon every 
100lb. for tret, or ales 


Since 41b is to be allowed on the 
100 lb. therefore 104 lb. is given 
for 100. 


lb. lb. . 
Then 104 —— 89; —— 13 


.Anſwer 111. 175. 64. 


QuesT. XIX. I 100 pounds of 
ſugar be worth 36 5. 8 d. What will 
be'the worth of 87 5 lb. relating 4 lb. 
upon every 100 ib» for tare? 

- * ey * * has 1 oo lb. on 
ing for 96 ld. 

£7 "Pa, 5 1 | 

Then 100 —— g6 —— $7; 

And the 4th term will be Fgolb. 

Alſo 100 —— 840 —— 1,833333 

Then the 4th term will be 1. 


$7, and ſo much will the ſugar 
come to, 


ETICK Bock . 


QuesT. XIV. A clothier fold 50 
pieces of kerſey, each piece contaimng 
34 ell Flemiſh, at the rate of 8s, 
4 4. per ell Engliſh : What did the 
whole come to? | 


Anſwer 4250. 


vesT. XVI. A broker fold + of 
„ fas 


ip for 147 J. 115. 3d: How 
much was the whole ſhip valued at ? 


Now Zof 1 x 4=4;=$s by art. 38, 
For 2 x 3=6, a new numerator. 
And 5X 4=20, a new denominator, 
Alſo 147. 116. 30. 2 147,625. art. 40. 
ſhare ſhare | 
Then 0,3——1——147, 5625 art. 46. 


Anſwer 491 L. 17%, 14 9 


vEsT. XVIII. One has cloth 
which coſt 25. 8d. a yard: For how 
much muſt it be fold a yard on 3 
months credit, to gain 25f,. per cent. 
per annum? 
mon. mon. 


Firſt 12 — —＋ 4 | 


Secondly 100—6, 25 0, 133333 
By multiplyiog and dividing, the 4th 
term will be found 24. 
Then 25. 84. T 2d. 24. rod. a yard, 
the ſelling price. 


Quxsr. XX. A chapman bought 
81 kerſeys for 135. How muſt he 
fell them per piece to gain 151. per 
cent, ? 

Find how much 135 L. will be 
advanced to, at 15. per cent. 

Then this ſum divided by 81 will 
be the ſelling price of each piece. 


Fr 


Now 100 — 115 — 135 — 15,8 


81) 155,25 (1,916666 L. - 


Anſwer 1. 18. 4d. a- piece. 
QuesT: 


Ok l. 


to receive a ſum of money, is offered 
cats at 6s. 4d. which are worth 
.: 6:. 24d. er chequins at 8s. 24. 
>, that are worth but 8s: By 
i ſpecie will be ſuſtain the laſt 


4 


| 
68. 22d. 274. 5d. L 
35 94 55 } the real value 
68. 4 d. 27 val. 
87. 2 d. 09 zwe advan, val 


| r. val. r. val. ad. va. ad. va, 
ben 74.5 — 96——76——97,93 
zut the chequins are valued at 98 d. 


Therefore the duCcats are moſt advan- 
2g COUS, 


QuesT. XXIII. A perſon wants 
750 pieces of foreign coin, each worth 
115. 44. How much will they come 
to, allowing the broker the worth of 
2 pieces upon every 100 ? 


Now 100——102——750 —— 765. 
He muſt pay for 765 pieces, which 
will come to 433 L. 10s. 


Quxsr. XXV. A grecer bought 
410. of pepper for 15 L. 175. 44. 
which proving ta be damaged, he 1s 
willing to loſe 12% ,. per cent. For 
haw much muſt he ſell it a lb? 


Since he is to loſe 124 per cent. 
he muſt take 87 L. 10s. for 100 
Now diminiſh the 15. 175. 44. 
in this proportion, and this ſum di- 
vided by the pounds in 44 C. will 


ARITHMETICK. 
QuesT. XXI. A merchant who| 


25 
QuesrT. XXII. One who had fold 
a parcel of cloths at 2.5. 10d. a yard 
on 3 months credit, found he had gained 


25L.. per cent. per annum: What did 
— cath coft per yard ? 


mo. S 
Now 12——25——3——56, 25 


And 100 4 6, 5 = 106, 250. 


Then LA EE. 


The fourth term to which will be a 
fraction, the value of which will be 
28, 8d, which is the prime-coſt per 
yard of the cloth, 


„ XXIV. A gentleman 
would exchange 729 pieces of 4 5. 2d. 
each into flerling money Hot much 
will he receive for them, allowing the 
broker 14 (. per cent? | 
. L. . 
Now 1—72 +208333—151,8 
the worth of the — N 
Then 101,25--100+--I151,875--150 C. 
He will — 150 £. 2 £ 


QuesT. XXVI. Suppoſe 42 gal- 
lons of honey be valued oy 7 . — the 
duty is 15 f,. per cent. on this value, 
and a draw-back. of 5 L. per cent. on 
the duty for prompt payment: What 
will the ready money duty of 672 gal- 
lans come to | : 


Now 42G. : 672G.:: 2L.: 32. 
And 100 .: 1. :: 320. 4, 8. 
Alſo 1000. 8 i 951. 8 4.8L. 2 4.50 


give 74. for what each pound is to 
be ſold at. | w F 


their dividends; t 
duties on goods, c. But th 
permit farther illuſtrations, - 


| 


Anſwer 40. 115, 254. 


T he Rule of Proportion is of almoſt univerſal uſe in all buſineſs where 
computation is mm as in buying and ſelling, values of ſtocks and 

e intereſt and diſcount of money.; the cuſtoms and 
e deſigned brevity of this book will not 


SECTION 
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SECTION VIII. OF THE POWERS OF NUMBERS, 
AND OF THEIR ROOTS. * 


49. The Pe ws of a number, is a product ariſing by multiplying 
that number by itſelf, the produft by the ſame number, this produtt by 
the ſame number again, Sc. to any number of multiplications, 


50. The given number is called the firſt power or root, wal 
The Product of the 1ſt power by itſelf, is the ſecond power, or ſquate. 
The Product of the 2d power by the 1ſt, is the 3d power or cube, 
The Product of the zd power by the 1ſt, is the th power, &c. 

51. Here follows the iſt, 2d, and gd powers of the nine digits, 

—— n 9g: 4 & e 
Squares, or zd power 1 4 9 16 25 36 49 64 81 
Cubes, or zd power 1 8 27 64 125 216 343 512 729 
Ex. I. What is the 24 power, or i Ex. II. I hat is the 3d power, or 
ſquare of the number 247 cube of 38? 
Now 38 x 38=1444 the zd power. 
24X 24=576 is the zd power. Then 1444 x 38=54872 the 3d power, 
The figure, or number, ſhewing the name of any power; is called 
the index of that power. | x 
Thus 1 is the index of the firſt power; 2 is the index of the 2d 
power; 3 of the third power, &c. Alſo & is the index of the ſquare 

root; 3, the index of the cube root, &c. 

52 Any number may be conſidered as a power of ſome other number, 

8 hus 64 may be taken as the 2d power of 8, and the third power of 4 

c. 

83. The root of a given number, conſidered as a power, is a number 

which being raiſed to the index of that power, wil! either be equal to 

the given number, or approach very near to it. 


34. To extraci the Square Root of a given number. 


RvLe. 1ſt. Begin at the unit's place, put a point over it, and alſo 
over every next figure but one, reckoning to the left for integers, and to 
the right for fractions; and there will be as many integer places in the 
root, as there are points over the integers in the given number. 

The figure under a point, with its left-hand place, is called a period. 

2d Under the left-hand period write the greateſt ſquare contained in it, 
and ſet the root thereof in the Quotient; ſubtract the ſquare, and to 
the remainder bring down the next period, as in Diviſion. 
za. On the left of this Remainder write the double of the Root or 

Quotient for a Diviſor ; ſeek how often this may be had in the Remain- 
der, except the right-hand place; write what ariſeth both in the Root, 
and on the right of the Piviſor. N 
- 4th. Multiply this increaſed Diviſor by the laſt Quotient-figure ; ſub- 
tract, and tothe Remainder bring down the next period; double the 
Root for a Diviſor, and proceed as before. 

55 Fcactional places will ariſe in the Root, by annexing to the Re- 
mainders, periods of two cyphers each, and renewing the 8 

; 1. 


r OY ES 2 SE... i. 8 1 N 1 5 IS 
I : op » — y 


_ 
3 


r 
9 2 


Put a point over the units place 4, 
d and alſo over the place of 1 00s. 
ow the number conſi ſts of 2 peri- 
dds, and will have 2 ang Rees in 
he Root : Then the grea 

u 14, the left-hand period, is 9 
nd its Root is 3; write 9g under the 


ARITHMETICK. 
Ex. I. What is the Square Root of 1444 ? 


Square 


27 


1444 (38 Root. 
9 

68) 544 

427 9 


>xcriod, and three in the Root; 
rom 14 leaves 5, to which annex 


he 


'F | Ex. II. What is the 
6372961“ 


* next period 443 the Root 3 dou- 
bled makes 6, which in 54 is contained 8 times, annex 8 to the 3 in 
* r and to the Diviſor 6, ] 
58; then 8 times 68 is 544 z and there remaining o, on ſubtraction, it 
may be concluded, that 38 is the true Root. | 


Square Root of 
| 


makes the Root 38 and the Divſſor 


Ex. II. What is the Square Root 
of 1,0609 ? 


* 9 X | * 8 - 
i 36372961(6031 Root. 1,0609 ( 1,03 Root. 
; 3 | | 2 
er. . — —— — 
ed 1203) 3729 203) obog 
| 3609 60g 
2 ; — — 
re 12061) 12061 | 
12061 N 


Ex. IV. I bat is the Square Root 
of 24681024? 
Anſwer 4968. 


Ex. V. What is the Square Reot 


19 911236798, 65? 
b 1 wer — 67 Sc. 


0 3 - „% # 
Ex. VI. hat is the Square Root 911236798,794365(30186,6 
of 16395820 ? | | 601) 1123 
1 5028) 52267 
0 70395820(3740,4702 | 60366) 204308 
| 2 603726) 4220379 _ 
9670 1239 | $97923 
. 1169 | c. | 
| NID Here the products are omitted, 
5 7 8558 the multiplication and ſubtraction 
— — being made in the mind. 
: 174004 ) 322568 In the VIth example, after all the 
| 99216 periods given were rought down, 
3 — . - 
1748687) 12278400 perf of 09 ee 
oe e e [and the operation ar and 
1748902] 4% continued until 4 decimal places 
00 e ee eee 
period brought down giving one 
68291196 F | 


56. To 


q—ꝛ— — ͥ — —j 
: * 


the Root of which ſet in the Quotient: Subtract the Cube from the pe- 


ſecond figure exceeds 2, it will be beſt to find only two places at firſt. 


laſt Root. 


vend is 1800344: Now becauſe 129001) 1800344( (4 
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56. To extraf? the Cube Root of a given Number. 


Rol x 1ſt. Over the unit place of the given number put a point, and 
alſo over every third figure from the unit place, to the left for integers, 
and to the right for fractions; and rhe root will have as many integer 
places, as there are points, or periods, in the integral part of the given 
number. | b 

2d. Under the left hand period, write the greateſt Cube it contains, 


riod, and to the Remainder annex the remaining periods; call this the 
Reſolvend. | 

3d. To the Quotient annex as many cyphers as there were periods 
remaining ; call this the Root. | | 

4th. Divide the Reſolvend by the Root, add the Quotient to thrice 
the Square of the Root, let the ſum be a Diviſor to the Reſolvend, and 
the Quotient- figures annexed to the right of the firſt Root, without the 
cyphers, will be the Cube Root ſought. _ TY 

th. If the ſecond figure of the Root be 1, or o; then generally 3 or 

4 figures of the Root will be obtained at the firſt operation : But if the 


6th. to renew the operation; ſubtract the Cube of the figures found 
in the Root from the given number; then form a Diviſor, and divide 
as directed in the 4th precept ; and this will give the Root true to 5 or 
6 places : For each operation commonly triples the figures found in the 


Ex. I. hat is the Cube Root of 9800344 ? 


Put a point over the unit place 
4, another over the place of thou- S107, 
ſands, and another over that of mil- 9850344(2 
lions; and becauſe there are 3 5 
— there will be 3 places in the 
oot. Under the left hand period q, 
write 8, the greateſt Cube in it, 9001 = Quotient. 


and its Root 2, write in the Quo- 120000=thrice the Sa. of the R. 
tient then ſubtracting, the Reſol- I 1 | 


2,c0)i$003,44 Reſolvend, 


there are two periods remaining, 129001 
therefore two cyphers annexed to 

the Root 2, make it 200, by which 510344 
dividing the Reſolvend, the Quo- 516004 


tient is 9001 z alſo the ſquare of 200 y 
1s 40000, the triple thereof y 20000 The Root is 214. N 
being added to goor, makes 129001 for a Diviſor, by which dividing 
1800344, the . oty is 14 nearly, and is taken as 14, becauſe it is 
much nearer to it than to 13; now 14 being annexed to the former 
Root 2, makes 214, the Root ſought, | | 

For 214 * 214 X 214 > 9800344» 


Ex, Il, 
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Ex. II. bat ii the Cube Root of 518749442875? | 
e en e 


| bon OO? 
8,000) 07494424575 _ 
843680 
19200090C0O 


. 
r 4 4 N ** % * 


192843680 (6749442875 (035 
„ 


2 


. „ 
CORY 964218400 c = ( 


In this example, becauſe 3 periods were remaining, and conſequently 
2 places more to be found therefore in the laſt diviſion a point is put 
ver the 3d place from the right hand, and the Diviſor is firſt to be tried 
zn the Dividend as far as this point, in which as it cannot be taken, o 
is put in the Quotient, &c. here the laſt figure 5 is too much, but it 
is much nearer to 5 than to 4; then 035 annexed to the firſt Root 8, 
makes 8035 for the Root, 9 4 | e 


Ex. III. What is the Culr root of 1145042900287 


1 14604 290,028 | | 48 

64 bY . | 28 

4,00) 5042990 d | 384 
1265 10 3 | | u 292 

480000 £1 | 2304. 

; 600510) 50604290 ( „ — 
Here 480 is taken for the Root at the firſt operation. 9216 
Then 114604290,028 (48 _ 110592 
110592 5 — 


480) 401 2290 The work of the Diviſion is ſuppoſed to be done on 
— — A waſte paper. | | ; 
8358,9 the Quotient, 


694 200 = triple the Square of 480, vix. 230400 X 3. 
Diviſor 6995 58.9) 4012290, 028 (5736 : 


34977945 Wt 
To 480 the firſt Root 
$144955 Add 5,736 
4890912 | 
— Som 485,736 | I 
248043 | 1 
209867 


8 38176 ED a Le 
57. Here, inſtead of bringing down the figures of the Dividend to the 
Remainders, the Diviſor is leſſened each time, by pointing off a place on 
the right ; but regard is to be had to the carriage which will ariſe from 
the places thus omitted. SECTION 
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SECTION IX. OF NUMERAL SERIES. 


58. Arank of three or more numbers that increaſe or decreaſe by 
an uniform progreſſion, is called a Numeral Series. 


59. If the Progreſſion is made by equal differences, that is, by the con · 
tant addition or ſubtraction of the ſame number; the ſeries is called an 
Arithmetic Progreſſion. 


| 1 2 3 4 5 6 7 8 9 Cc. increaſing by adding I, 
Thus J 3 6 9 12 15, 18 21 24 27 Cc. increaſing by adding 3, 

49 43 37 31 25 19 13 7 1 Cc. decreaſing by ſubducting 6, 
are ranks of numbers in Arithmetic Progreſſion: And of ſuch ranks there 
may be an infinite variety. 


60. If the Progreſſion is made by a conſtant multiplication or diviſion 
with the ſame number, the ſeries is called a Geometric Progreſſion. 


x 2 4 8 16 32 64 Oc. increafingby 2, 
Th I 5 25 125 625 3125 15625 Ce. increafing by 5, 
"y 6561 2187 729 243 81 27 9 3 &Sec.decreafing by z, 
16384 4096 1024 256 64 16 4 1 Cc. decreaſing by 4, 
are ranks of numbers in Geometric Progreſſion ; and of ſuch ranks there 
may be an infinite variety. 


61. The common Multiplier or Diviſor is called the ratio. 
Thus 2 is the ratio in the Iñ rank, 5 in the 2d rank, 3 it the ratia 
in the 3d rank, and 4 in the 4th rank. 


62. In any ſeries of terms in Arithmetic Progreſſion, the ſum of any 
two terms, conſidered as extremes, 1s equal to the ſum of any two terms 
taken as means equally diſtant from the extremes. | 


Thus in 3 terms (wwbere the 1ſt and 3d are extremes, and the other the mean) 
e. 6 „9 12 » then 6+12=9+9g=r8.: 

And in 4 terms, vix. 13. 19. 25 « 31. 

Then 13+31=19+25=44- a 

Alſe in the terms 49. 43. 37 31. 25 + 19. 13.7. 1. 

Then 49+1=43+7=37+13=31+19=2;+25==50: 


63. In a ſeries of terms in Geometric Progreſſion, the Product of any 
two terms conſidered as extremes, is equal to the Product of any tws 
intermediate equidiſtant terms conſidered as means, | 


Thus in 3 terms, viz. 5.25 . 125. Or3.927. 

Then 5 X 125 =25 X25=0625. GA 3X27=9Xg=81., 

And in 4 terms 4. 8. 16. 32. 

Then 32 x4=16x8=128. 

Alſo in the terms 1. 4. 16 . 64 . 256 . 1024 . 4096 . 16384 
| Ben 16384 X1=4096 x 4=1024 x 16=256 x 64 16384, 


64. Ia 
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In any Arithmetic Progreſſion, the ſum of any two terms leſſened 
72 firſt my or their — inereaſed by the b * will be 
term alſo in that progreſſion. 


Thur in the Progrefſon 1.03.» $ +7 2001013 «1 S528 19; 21 . 
Then 5+11=18, and i8—1=17 is a term of the rogreſſion. 
Alſo 11-74. and 4+1=5. is a term of the Progreſſion, 


F 


65. In any Geometric Progreſſion, the — of any two terms di- 
vided by the firſt term; or the Quotient of any two terms myjtiplicd by 
te 5rft term, will give a term allo in that ſeries. | 


Thus in the Progreſſion 3. *. 12. 24.48.96. 192, 384. 765 Fe. 
T hen _ 3843 and — A > X3=49, are terms in the Progreſſion, | 


66. If over a ſeries of terms in Geometric Progreſſion, be written a 
eries of terms in Arithmetic Progreſſion, the firſt term of which is o, 
and common difference is 1, term for term; then any term in the 
Arithmetic Series, will ſnew how far its correſponding term in the 
Geometric Series is diſtant from the ficſt term, 


| : 
89012 434 6 Ve. Arithmetic Series. 
Thu 5 139.27 81 3 729 Cc. Geometric Series. 
Here 729 1s diſtant from the 1ſt term, 6 terms; 243 is diſtant 5 terms, $1- 
is diſtant 4 terms. 


67. The terms of the Arithmetical Series are called indices to the 
terms of the Geometric Series. 


Thus 5 is the index 10 243 ; 3 is the indixt027; 1 is the index to 35 ; Oe, 
68. Prot Eu I. In an Arithmetic Progreſſion : Given the ff tom, the 


common difference, and the number f terms, 
Required the laft term. 


RvLe. Subtract x from the number of terms, multiply the remain- 


der by the common difference; to the Product add the firſt term, and 
the ſum will be the laſt term. 


Ex. I. Suppoſe 1 and 9 to be the 47 fond terms of an Arithmeth 
Progreſſion of 1074 terms: What. ile laſt term? * 


Here g—1=8 is the com. diff. Now 1074=1=1073. 
And 1073 x 8=8584. Then. 8584+2=8585==1alt term. 


Ex. II. wg ne” youre to diſcharge a certain debt in a year, by weekly 
— viz. the firſt week 5s. the 2d week 88. &c. conſtantly WT 
week by 35. 0 Houu much was the loft payment ? 


5 iſt. term. Now 5$2=—1= 61. 
3=com, diff, And gix3=1:434. 
. $2=N®, of terms. Then 1 =7L- — 
| | © by. Pro- 


* a N | * b 
2 2 o 2 
n 4 * . - 
wy ® 7 : : 3 5 
4 "as 
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69. PRoBLEM II. In an Arithmetic Progreſſion e Given * 7 ter, 
laft term, and the number of terms. | 7 * 25 T7 
Reguired the fum of all the terms. * 


Rur R. Add the firſt and laſt terms together, the 8 une * 
halſ che number of terms, gives the ſum of all the terms. 


Ex. I. Required the ſum of the fir: Ex. II. A debt is to be di berge 
YOOO numbers i in their natural or der. in a year by weekly payments equally 
increaſing ; the Ii to be 56. and the. | 
Here 1 — it term, 1 = com. dif, laſt 74. 18s, - How much was the 
1000 = Ns of terms, its I 1s ons py | 
Now 1000-þ1=10Q01.. 
Then 1001 * N A is che ſum Here J. 185 =1 58, Slaſt term. 
required. A 301 g. 26568 2 Ns of terms, its 4 is 26. 

Now 158 1 5 163. 
Then 163 x 268423872211. 185, 
1s the ſum of the terms, or debt. 


A 


Ex. III. Suppoſe a baſket and 500 flones were placed i ina reibt line, a 
yard diſtant from one another: Required in what time a man could bring them 
one by one to the baſket, allwing him to walk at the rate of 3 miles an hour? 
Between the baſket and ſtones are 500 ſpaces, which is the number of terms, 
Now 500-+1=501. Then 50 X 250=125250=ſum of the terms, 2 
But as he goes backwards and forwards, he wa ks 230z00\yards| 
Which divided by 1760 (the yards in 1 mile) gives 142,329 miles, 

Which at z miles an hour, will take 47 h. 26 min. 35 ſeconds . 


70. PROBLEM III. In a Geometrie Pragraſſon: Given the 2 term, 
the ratio and the laſi term. 

Required the ſum of all the terms. | 

RuLe. Multiply the laſt term by the common n ratio, from the Produd 
ſubtract the firſt term for a Dividend. | _: 5 

Subtract 1 from the ratio for a Diviſor; then divide, and En Quo- 
tient will be the ſum of all the terms. | 


Ex. I. . Suppoſe the fi term of a ſeries to be dun, Er 
term 6 __ C aj rad ps ſum of all the terms. — — 


Now 6561 Slaſt term, . And . [iw mul off 


- % 
* 


Mult. by $=ratio. Sub. 1 
\ * \ . 2 
19683=ProduR. Rem. >=Divilor, 
Subtr, 3=firſt term. : 
19680=Dividend.. a > OL | 


Then 2) eng 9840 is the ſum of all the terms: 


Ex. II. Let the firſt _ % 2, the ſecond term 10, and the laſt term 
156250: Required the ſum of all the terms. 
Here 2) 10 (5 is the common ratio. | | 
Now 156250Xx5=781250., And — — -48=Dividend. 
Alſo 5—1=4 the Diviſor. IF. 
Then 4) 781248 (195312 is the ſum of all the terms. 7¹. Pao. 


% | ”» d vo . L 
2 1 
1 
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71. PROBLEM IV. Ina Gamatric 9 Given the ff term, the 


atio, and the number of terms. | 
Required the laſt term. 
Rol E. 1ſt. Write down 6 or 7 of the pe terms in the Geome- 
ic Series, and over them their Indices. 

2d. Add together the moſt convenient indices to make un index leſs 
y unity than the number expreſſing the place of the term ſought. 

3d. Multiply together the terms of the Geometric Series, belonging 
o thoſe indices which were added make the product a dividend, . -; 
4th. Raiſe the firſt term to a power whoſe index is one leſs than the 
umber of terms multiplied : Make the reſult a Diviſor tothe ſormer 
_ - vidend, and the quotient will be the term ſought. | | 


\ 


. I 
on. wt 8 Mo 
—_— 


oo 
8 


1 
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— 


. 
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Ex. I. What is the 12th term wy a Gael Serin, the 2 term 1 which 1 
1s 3 and ſecond term is 6 ? 


ow 755 2 is the common ratio. 


And J 0 * 3 4 8 8 Iodices. * Ct 
3.6. 12. 24.48. 9b. 192 Sc. Geometric terms. * i 

Then 6+5=1 2 is the index to the 12th term. Sel, 

And 192 xgb6=18432, is the Dividend, 


The number of terms multiplied i is 2; and 2—1 IN the power to 
e P feſt term 3 is to be raiſed but the 1ſt er of 3 is 3. 


Thea = = 6144 is the r2th term of wet ſeries, * 


! 


Ex. II. 4 - Perſon being aſked to diſpa T's 21 27d be would 
fell him on _—— — farthing hf hr the 1/t nail ola Moes, rtuo 
farthings for the 2d nail ; one penny for the 3d nail z tw-pence for the 4th 3 
feur-pence for the 5th, 8d. for the thy Sc; HE the price 'of every 
nail to 32, the: number | of nails in four ſhoes: Heu much would! nad 
bor ſe be ſald for at that rate 
Here the firſt term is 1, the ratio 2, and the number of terms 3% 
Firſt. To find the laft term. | 
WJ = 6 . e * . 37 

Now f 2 = 44 $448, 47; 64 108. — Sc. I 7 
And 31 is the index to tbe 32d term. AF nne 
Then 8482163 21618826 2417 2h. | 3 

The 1ſt term being 1, any power thereof is 13 ſo the #h wigs 
the rule is uſeleſs in this duellen. 0 
Now 256 * 286 65 530. is the: 17th term. 1 w | | 
65 536 x 2562105772161 is the a gth term, 


_ 16777210 x 128= 247493048 is the Ns. 5 . ; K Fon 5 
„e 2147483648 | 144292967298 ᷓ ͤʒ f HM 
See 6 <6 l Fo ut 
7 8575 e 
* e . e a 
— tue ſum of 2 70 _ 4. Cu Soi 
terms: or ch 
the horſe, _ 7 n * e p F. 1 ure. . * 


5 Vor. I. en 8 1 D „ s e 4 SEO. * 
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SECTION x. OF LOGARITHMS. 
72. Loc aRITHMus are a ſeries of numbers ſo contrived, that by 


them, the work of multiplication may be per formed by addition; and 
the opt ration of. diviſion may be done by ſubtraton, | 


73. Or, 8 are the Indices to a feries of numbers i in Oer 
metrical Progreſſion. 


1 


Thus & or f 


80 5 6 We. hidives vr 10 arthang; 
„ 8 64 Cc. Geometric Prògreſſion. 
2 3 4 5 Se. lndjces or Logarithus, 
9 


2 
4 
1 
3 27 81 243 Se. (c2MCIC Series. 


* 0 $48 3 4 5 ec. Iecices or Logarithms, 
1 19 109, 1009. 10900, 190000 Wc, Geometric Series. 
Where the fame Indices terre equally for any Geometric Series. 

74. Hence it is evident, there may be as many kinds of Indices o or 
Logarithms, as there can be taken kinds of Geometric Series. 

But the Logarithms moſt convenient for common uſes, are thoſe ad- 
apted io a Geometric Series increaling in a tenfold Progreſſion, as in ih 
laſt of the examples above. 

75. In the Geometric deries 1 . 10. 22 . * . Ot. betweeh. the 
terms 1 and 10, if the numbers 2. 3. 5-0 9 were inter- 
poſed.to them might Indices be alſo Aaptea ran Atlhinetic Progreflion, 
tuicd. to the terms . between 1 and 10, confidered as a Geo- 
metrie Progreſſion; Alſo, proper Indices may be found to all che numbers 
that can be interpoſed between any two terms of the Geometrie Series. 

But it is evident that all the Indices to the numbers under 10 muſt be 
lels than 1; that is, are fractions: Thofe to the numbers between 10 ind 
100 mult fall derweun 1 and 2; that is, are mixed: numbers conſiſting 
of 1 and ſome fraction: And fo the indices to the numbers between 
too and 1000 will ſali between 2 and 3: that is, are mixed numbem 
conſiſting of two and ſome fraction: And ſo of the other Indices. 

76. Hereafter, the integral part only of theſe Indices will he called 
the lndex; auch the fractiona] pant will be called the Logarabm: And the 
computing of thoſe fractional parts is called the making of Logarithms ; 
the moſt troyblefome part of this work is to make the Logarithms of 
the prime numbers 3 that is, of ſuch numbers whick cannot be 2 
by any other number than by iifelf and unity. 


77: Do ſind the Logarithms of prime numbers. {ke 
RuLE. r{t. Let the ſüm of "the propoſed number and its heat ich 


number be called A. 
2d. Divide 0,868588963 * by A, reſerve the Quotjetit, 


* 'Fhe number c. 869588963 is te Quotiens of 2 divided by 2, 30258 5093, 
which is the Logarithav ef lo sccording to the firſt form of che Leh ter. 


who was the inventor of Logaaghms.. The manner by which Nepier's Log. of 
10 is found, may be ſeen ĩ in any of Algebra; bus here omitted, be- 
caute this treatiſe does not contain the elements of'that- ſcience : However, 
thoſe who have bot rtunĩty to gun thoronghly into this, ſubject, had 
better nut the oth, of one number, and thereby be enabled do try the accu- 
racy of any Logari hm in the tables, than to eee thoſe tahles as truly 
* without any means of 8 the certainty thereof, 

2d. Divide 


LL 


1 


ms AQ © rl 


" 
44 
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3d. Divide the reſerved Quotient by the Square of A, reſerve this 
Quotient. 8 8 5 e 

h 4th. Divide the laſt reſerved Quotient by the Square of A, . reſerving 

oc Quotient; and thus proceed as long as di viſion can be made. 


2 5th. Write the reſefved Quotients orderly under one another, the ficſt 
— | 


— 


- 
* 


eing uppermolt. , | 

6th. Divide theſe Quotients reſpectively by the odd numbers 1. 3. 5. 
.9. 11, &c. that is, divide the firſt reſerved Quotient by x1, the 2d 
dy 3, the 3d by 5, the 4th. by 7, &c. let theſe Quotients be writ or- 
lecly under one another, add them together, and their fur will be a Lo- 
yarithm. / 
2th. To this Logarithm, add the Logaritbm of the next leſs number, 
nd the ſum will be the Logarithm of the number propoled. 


Ex, I. Required the Logarithm of the number 2. 


ere the next leſs number is 1, and z T1 2 3 O A. 
Aud the Square of A is 9. Then; 


o. 86858896 


a 2 4 
=,289529654+ And 29529954 — 289529654 


e 032169963. & CEE = oropzygnt 
SE = 023574449 — = 000714889 | 
ANY, c00397 160. & 22D < 000056737 
SOIT Te ,000044129. & 2 =,000004903 
Scott = ooo, geg, & beet 
eee 23 ,006000545+ & LEES = poooj0nys | 
229.P9%s = ooagooghy, & FELL, go0000004 
1 „% OT 


| | Their ſom is the Log. of 2220,301029994 
This proceſs needs no other explanation than comparing it with the rule. 


2 
59 


That the manner gf computing theſe Logarithms way be. 
to the, Readce, the operations of making ſeveral af, them arg he 
"he 5 Arn D ned | 


7 . 


$3 * 


i * 1 
joined, vad A 
- * » > 
92 © 1 . 
* * - Lt 44a WwE% ; OE. , 


way 4.) TXITTE. 
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Here the next leſs number is 2 


and 
0. 868788963 a 


* 


: 25173717792. And 
\ 
BUT bps  & 
— — 277948. & 
GOO ” 11118. & 
25 
o. ooo 11118 | 
— 445- & 
25 
o 000000445 _ io & 
25 3 | : 
To this Logarithm 


Add the Log. of 2 


The ſum is the Logarithm of 3 


ARITHMETICK. 
„ II. Required the Logarithm of the number 3. 


Book I. 


z3z+2=5=A, whoſe Square is 29. 5 
17371792 
V% 


69 8712 


—— 3 —— 
— | 


. 


902316327 


37 8 
7, — =4902055590 


11118 


— —ä 
— — 


,cO0001588 
=,000200049 


=,000000002 


o, 176091258 
0,301029592 


0,4771242 0 


78. Since the Logarithms are the Indices of numbets conſidered in a 
Geometric Progreſſion; therefore the ſums, or differences of thete 
Indices, will be Indices or Logarithms belonging to the Products, or 
Quotients, of foch terms in the Geometric Progreſſion as correſpond 


to thoſe Logarithms which were added or ſubtracted (71). 


Ex. III. Required the Log. of 4+ | 


Now 4=2 * 2. = 
Then to the Log of 2 0.301029994 

Add the Log. of 2 ©, 301029994 
- 6;6920; 9968 


—— — — 


Sum is the Log. of 4 


Ex. V. Required the Log. of 10. 
In the original Series, 1 is aſſumed 
for the Logarithm of 10. 


— 


m 
” W 0 


* J ——— — 


RM 1! ; 11 C25 0k 5 
Ex. VII. Required the Log. of 8. 


* |Leives'the Log. of 5 


Ex. IV. Required the 
Noew'$g'x 326, 77+ 
Then to the Log, of z 0,477121250 
Add the Log. of 2 o, 301029994 


Log. of 6. 


Sum is the Log. of 6 0,778151244 


— — — — 


Ex. VI. Required the Leg of 5. 
Now 10 divided by 2 giv-s g. 
"Then from Log of 10 1,0000c0000 
Take Log. of 2 o, 301029992 


— — —Uä4—ä—— 


0,698970008 


Ex VIII. Required the Log. of 9, 
Now g9=3'x 3. © 55 
| Therefore the Log. of 3 doubled gives 


the Log. of . 
The Log. of 3 is 
Waich multiplied by 


Gives the Log. of 9 


©,477121250 
2 


— — 


0,9542425 0⁰ 


Now G == E. 
Fherefore the Log. of 2 taken ihrice 
ives the Log. of the 2 8 
he Log. of 21s 0, 1029994 
Which multiplied by 3 
Gives the Log. of 8 o. 903089982 | 
| 2 EE * — 


* 
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Ex, IX. Required the Logarithm of - "pt 


37 


Here 6 is the next leſs. Then 7 +b6=1+=A 1 and 169=Square of A. 


13 
,066814536 95352. | 
928516328 395352. «% n 131784 
2 000395352 __ 1 . 
P .. n 
o 000092239 __ "I & Ne 0 
109 ; 7 ” % 
To this Logarithm | 0,066946790 
Add the Logarithm of 6 | 0,778151242 _ 


— 


The ſum is the Logarithm of 7 0845098038 | 


The Log. of 12 is equal to the ſum of the Logs, of 3 & 4, or of 2 & 6. 


de Log. of 14 is equal to the ſum of che Logs. of 7 & 2. 


of 15 a | of 3 & c. / 

of 16 | of 4 & 4, orof 8 & 2, 
. of 18 E of 3 & 6, or of g& 2. 

of 20 f 4&5, or of 10 & 2. 


79. The Logs. of the prime numbers 11, 13, 17, 19, are to be found 
as in the examples I. II. IX and in like manner is the Log. of any other 
prime number to be found; but it may be obſerved, that the operation is 
ſhorter in the larger prime numbers; for any number exceeding 400, 
the firſt Quotient added to the Logarithm of its next leffer number, will 
give the Logarithm ſought, true to 8 or g places; and therefore it will 


be very eaſy to examine any ſuſpected Logarithm in the tables. 


80. The manner of diſpoſing the Logarithms, when made, into tables, 


is various : But in this treatiſe they are ordered as follows. 


* 


Ai number under 100, or not exceeding two places, and its Logarithm, is 
Fund in the firſt page of the table, where they are placed in adjdining cov 
lumns; and diſtinguiſhed by the tie Num. for the common numbers; 


and by Log. for the Logarithms. 
Theſe tables are at the end of Book IX. 


_— 


und, 


A number of three or four places being given; its Logarit | 


is thus 


Seek for a page in which the given number ſhall be contained between 
the two numbers marked at the top, annexed to the letter N: Then 
right againſt the three firſt figures of the given, number, found in the 


column figned Num, and in the column figned by the fourth, ft 


Logarithm belonging to that number of four plates. 


ands the 
Line, * 


lf the number conſiſted of 3 places only; then theſe places found as 
before directed, the Logarithm ſtands againſt them in the column 


ligned 0, 


. * N 


#4 \ 
we 


D 3 


Thus, 


38 ARITHMETICK. Book L. 


Thus, to find the Logarithm of 57 38. Seek for a page in which ſtands 
at top No 5500 to 6000; then in the column ſigned Ne find 573, right 
againſt which in the column ſigned 8 at top or bottom ſtands, 75876, 
which is the Logarithm to 5738, exclufive of its Index. 


81. A Logarithm being given, its number is thus found © | 

Seek for a page in which the three firſt figures of the given Logarithm 
are found at top annexed to the letter L; then in one of the columns 
figned with the figures o, 1, 2, 3, 4, 5, ©, 7, 8, 9, find a number the 
neareſt to the given Logarithm ; againſt this number in the column 
figned No, ſtand three figures, to the right of theſe annex the figure 
with which the column was figned at top or bottom, and this will be 
= number correſponding to the given Logarithm, not regarding the 

dex. | | : , 

82. All numbers conſiſting of the ſame figures, whether they be inte- 
8 fractional, or mixed, have the fractional parts of their Logarithms 

e ſame. 

If the following examples be well attended to, there will be no difficulty 
in finding the Logarithm to a propoſed number, or the number to a ſwo- 
poſed Logarithm, within the limits of the table of Logarithms here uſcd. 


Num. Logarithms. Logarithms, , Numbers. 
5874 | 3.76893 0,37295 2,360 
587,4 2,76893 1.28631 | 19,33 
$8,74 | 1,76893 2,51947 330.7 
5.824 76893 | 3-75062 | 5632, 

o, 874 | 1,76893 2,18:97 90.001527 
0,05574 | 2, 76833 2,43020 0,02093 
©,c05874 | 3,76893 ' 1,8962 0,7238 


$3. A general rule to find the Index to the Log. of a given number. 
To tb⸗ Lf of the Logarithm, write that figure (or figures) which ex- 
preſſes the diſtance from unity, of the hig beſt-place digit in the given num- 
ber, er the unit's place o, the next place 1, the next place 2, the next 
ce 2, &c. | | | | 
77 en there are integers in the given number, the Index is always 
affirmative; but when there are no integers, the Index is negative, and 
is to be marked by alittle line drawn above it; thus 7. n 
Thus a number having 1. 4 3.4. Cc. inigger 8. 
The index of its Logarithm is o. 1. : . 5 1 Sc. 1 Py | 
And a fraction having a digit in the place of RR Seconds, Thirds, 
Fourths, &c. | | : | 
Then the Index of its Logarithms will be 1. 2. 3. 4 U. | 
By the above rule, the place of the fractional comma, or mark of 
222 in the number anſwering to a, given Logarithm, will be 
Saber but 8 3 - 
84. The more places the. Logarithms confiſt of, the more accurate, 
in general, will be the reſult of any operation performed with them: 
But for the purpoſes of Navigation, as five places, excluſive of the nder, 


are ſufficient, therefore the logarithmic tables in this treatiſe are not ex- 
tended any farther, | 
| 85. M U L.. 
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85. MULTIPLICATION BY LOGARITHMS; 
Or, Tuo or more numbers being given, to find their Product by 
Logarithms. | No ö 
Rur x. Add together the Logarithms of the Factors, and the ſum is a 
Logarithm, the correſponding aumber of which is the Product required. 
Obſerving to add what is carried from the Logarithm to the. ſum of 
the affirmative Indices | F HET FE 
And that the difference between the affirmative and negative Indices 
are to be taken for the Index to the Logarithm of the Product. 


Ex. I. Multiply $6,2 by 6,48. Ex. II. Multiply 46,75 by 0,3275- 
86,2, its Es. is 194576 46.75 its Log. is 1,669. 
| G,q8 its Log. is 9.8117 0,3275 its Log. is 1,5 1521 
Product 558,9 2.7433 Product 15,31 1,18499 
Ex. III. Multiply 3,768 by 2,053 Ex IV. Multiply 27,63by 1,859 
and by 0,007693. land by o, 7258 and by 2359 
3.768 its Log. is . 57611 N 27,63 its Log. is 1, 44138 
2,83 o 31239 1,859 |  Ox26g28 
0,007693 3.88610 0,7 68 1.86092 
megan, 7 0,3591 2.88821 
Product 0,05951 2,77460 Product 1,339 6712680 
Tbe 1 carried from the left hand Here 2 being carried to the In- 
column of the Logs. being affirm- |dex 1, makes 3; which takes off 
ative, reduces J to 2. | the T and Z. | 


86. DIVISION BY LOGARITH MS. 

Or, Two numbers being given, to find how often the one will con- 
tain the otber, by Logarithms | | | 

RuLE. From the Log of the Dividend, ſubtract the Log. of the Diviſor; 
then the number agreeing to the Remainder, wilthe the Quotient required. 

But obſerve to change the Index of the Diviſor from negative to affirm- 
ative, or from affirmative to negative: And then let the difference of the 


affit m. and neg. Indices be taken for the Index to the Log. of the Quotient. 


When an unit is borrowed in the left hand place of the Logarithm, 
add it to the Index of the Diviſor, if affirmative ; but ſubtract it if ne- 
gative ; and let the Index ariſing be changed and worked with as before, 

Ex. I. Divide 558,9 by 6,48. Ex. II. Divide 15,31 by 46,75. 
Log. of Divid. 558.9 is 37575 1 of Divid. 5 ü 7 
Log. of Diviſor 945 is 0, 81157 Log. oſ Diviſor 46,75 is 1.66978 

| | — | \ F Ch Ts — 
The Quotient is 86,25 1,93570| The Quotient is 0,3275 1,1619 
Ex. III. Divideo,059514y0,007693.| Ex. IV. Divide o, 665 by 22.5. 
Log. of Divid. 0,05951 is 2,7459 Log. of Divid. o, 665 1 is 1,8228 
Log. of Divilor o,. oy 693 is- 3.86610 L0g- of Divilor 22,5 is 1,35218 


The Quotient is 7735 0,88849 The Quotient is 0,02956 2547071 


. 0 


24 | -, Var 
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OCT RV YURTLION. 
1ſt. State the terms of the queſtion (by 46) and let them be written 


orderly under. one another, prefixing to the fiiſt term the word As, to 
the ſecond To, to the third So, and under them ſet the word To. 
2d. Againſt the firſt term, write the arithmetical nnn 9 its 


Logarichm. dee Art. 88. 


3d. Againſt the ſecond and third terms, write their Logarithms. 

4th. The ſum of thoſe three Logarithms, abating 10 in the Index, will 
be the Logarithm of the fourth term ; which ſought in the tables, the 
number anſwering to it is the anſwer or term ſought. 

88 The arithmetical complement of a Ubgarithin i is thus found. Be- 
ginning at the Index, write down what each figure wants of q, except 
the laſt, or right hand figure, which take from 10. 

But if the Index is negative, add it tog ; and proceed with the reſt 


as before. 


Ex I. Find a feurth 1 
number to 98 45 and 1,969 and, 347,2 - 


As 98,45 its * Ar, Co. Log. 8, 00578 


To 1,969 0,29425 
So 347,2 2,54058 
To e em” | 


Ex. III. What will a gurner pa 


amount to in a year at 2/ . 125. Gd. c 4 of a guinea : 


a month of 28 days? 
As 28 days its Ar. Co. Log. 8 66284 


To 365 days | 2,56229 
So 20. 12s 6d. 2,6260. 0,41913 
To 341. 45. 5. 34,220. 1,53426 


— — — — 


Ex. V. Mat number will have the 
fame. proportion to o, 8 5 * as 0, 3275 
has to 0,013! = 


As ©0,0131 its at. Co. Logs 11 8627 


To o, 3275 81527 
80 0,8538 193136 
To 21,35 3,52930| 


% 
> 82 
. 
. 


= a” 


| 


, 


ö 


Ex. II. Find a third proportional 
number to 9,042 and 4,821. 
As 9,642 its Ar. Co. Log. 9,01583 
To 4,821 / 0,68314 
80 4,821 „8314 


To 2,411 0, 38211 


Ex IV. It 3 2 of a yord of club 
How many. ells 


| Engliſh for 3/.. 10. 


As 4 Guin.==14+. Ar. Co. 8, 85387 


To 3. 105. 70s. 1.845 10 
So Fell So, 6 1,77815 
To 3 905 0.4771 2 


Fx. VI. Hu many yords of ſhal- 
lan of 3 ell wide will be enough to 
line a cout err N 3x ells of 14 
yer witle © 


As 3 * yd w.=0,9375 10.0280 
To 14 1. W. 21,5 0, 24304 
So. f X4 yd. l.=4,375 0,6498 
To 82 yd. long=8,167 0,9! 205 


—— — 


where w. ſtands for wide, . for long. 


— — "Y 


* 


6 * Co. Log. lands for br e ce of the 22 | 


OF 


L. 


the number o, 2857? 

To o. 2857, its Log. is 1245 91 
The ab of 2d wa Pap : 4 

The power 0,8162 5 2,91 182 
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OF POWERS. AND THEIR ROOTS. 
89. A number. being given, to find any. propoſed pane. 7 6 that 


Number. 1 
RuLE. iſt. Seek the n 


of the given nd 


2d. Multiply this Logarithm by the Index of the . power. 
zd. Find the number correſponding to the Product, and it will be the 


power required. 


go. In multiplying a Logarithm having a negative Index, the os 


of that Index is negative. 


But the carriage from the Logarithm is affirmative. = 
Therefore the difference will be the Index of the Product. 
And is to be of the ſame kind with the greater, or that which was, 


made the minuend. 


Ex. I. What is the ſumd pr 


of the number 3,874 ? 

To 3,874 its Log. is 0,516 
The Index is N 

The power ſought is 15,01 1,1632 


Ex. III. I bat is the 12th power |. 


of the number 1, 5 39? 


1,539 its Log. is. 0,18724 | 


The Index is 12 


——— ö 


The power ſought is 176,6 2, 24688 


Ex. IT. What 8 


the number 2, 768? 

The Ne 2,768 its Log. is 074 

The infer fo * en 

The power ſought is 21 2¹ 1, 32651 
— 


Ex. IV. What is tho 65th power 
of the number 2 ? 2 


| | 2 The Lay bs . 18 
Tribe ice, 3563 
8051 

1888735 


In dhe IVth Ex. the Index of the Product being 109, 88 
that the required power will conſiſt of 110 integer places; of 


90309 


which no more than 4 places are found in theſe tables; there- 19987595 ; 


fore the number ſought may be thu 


s expreſſed 7515 [352]: 


That is, 7515 with 106 cyphers annexed. 


Ex. V. What is the 2d peer of 


Here, there being no carria 
from the ProduCt of the Log. 
whole Product of the negative In. 
dex is negative, vix 7. 


Ex. VI. I bat is the 39: tower of 


the number 0,7916 ? . 
MM © hog 
| The power is 0,4961 > 7.69555 
Here the from the Pro- 


e duct of the re is2; then the 
Product of the negative Index 7, 
viz 3, being leſſened by 2, leaves 


I, the Index of the Product. 


91. 4 


= — — „ ͤ — — — == —— =, — 22. = — == — — 5 SS — cn — ; - * 2 2 
— — - —— — — -—- — —— __— =. — == Ju = = - - V =D 3 8 
F - _— — — . I 


—— — — — — — — 
= — —ö — a 
— - — 


—— — 


Log. of o, os 16a, div. by 2) 2,91 180 


Here the Diviſor 2 can be taken 


4a ARITHM 
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91. A number being given, to find am propoſed Noot of it. 


* Nyrs. ift. Seek the Logarithm of the given number. E 


2d, Divide this Logarithm by the denominator of the Index of the 


propoſed root. 


d. The number correſponding to the Quotient will be the root. 
Wben the Index to the Logarithm to be divided is negative, and 
Jeſs than the Diviſor, or Denominator of the root. Then | 


- Increaſe the negative Index by as 


many units, borrowed, as ſhalt be 


equal to the Diviſor, and the Quotient will give 7, for the Index. 
Carry the units borrowed as tens to the left-hand place of the Loga- 
rithm, and then divide that Logarithm as in whole numbers. 


Ex. I. What is the Square Root of 


the number 1501 ? 
| 2)3,17638 
Root ſonght is 38.74 ¼ 329 
Ex, II. What is the Root, of hich 
176, ö is the 12th power 7 
| | ales 
Root ſought is 1,539 0,18725 


Ex. v. Whot is the Square Rost 
of the number 0,08 162 ? 


Gives Root 0,2857 to | T,45550 


* 


in the Index Z, and gives fot the 
zent 7. 


1 
b 


Ex. II. What is the Cube Root of 


the number 2121? 
3) 3-32654 
Root ſought 12,85 1,1088g 
Ex. IV. ht is the Root, of which 
2 ts the 365th power ?. 
365)0,30103 
Root ſought is 1,002 o, ooo82 


Ex. VI. What is the Cube Roat of 
the number 0,496 ? | 


Log. of 0,496 div, by z _ )7,69548 


Gives Root o, 7916 to 1,89849 


3 

Here the Diviſor 3 cannot be 
taken in the Index i; then Z bor- 
rowed makes with f, 3; in which 


che Diviſor 3 will go 7: the 2 bor- 


rowed carried to the 6, c. makes 


| 


269548, which divided by 3, gives 
89849. N 


6 2 ; | f ' 
END ox BOOK I. 
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O F GEOMETRY. 


8 Greer 
Definitions and Principles. 


FOMETRY is a ſcience which' treats of the deſeriptions, 
properties and relations of magnitudes in general: Or of ſuen 
PR. where length, or where length and breadth, or length, ab. 
and thickneſs, are conſidered. 
2. A PoINT is that which is without parts or dimenſions. 
* A Lins is length N * fm eee a 5-5 Ons ae 
1GHT LINE' when it is the ſhor nce between 
two points (as AB): Or a CURVED Livg when it is. A 
not the ſhorteſt diſtance (as oo) . 
A line is uſuaily denoted by two letters, vis. vat ; e 
end (as AB, CD). 5 | 
4. A Sort RTeiEs or SURFACE ia that magnitude 
which has only length and breadth, and is bounded by - dan | 
lines: as FG | 
F. A Soli is that magnitude which has lengtb, 
breadth, and thickneſs. 
6. A Ficuke is a boanded ſpace, the limits or 
bounds of which may be either lines or ſurfaces. 
J. A PLANE, of a PLang Ficus, is a ſuperficies | 
which lies evenly, or perſectly flat, between its limits, 
and may be bounded by one curve line a but not with 
r as A, By c, D, or By Sc, 


* rn Dan 


B 


8. A Cincre is a plain figure, bounded by an uni- A, 
formly curved line, called the Circumference (as ABD), 
which is every where equally diſtant from one point (c) 
within the figure. called the CENTER,” | 


5 


9. A Ravivs is a right line 1 from the eenter 
to ba circumference (as CA,.CD, CE). . 
All the radii of | the ſame circle are equol, . 
10. An Axc i is a e of the circumderenee 
2 AB, or the arc an. JN 


11. A cob is n Ache! ee! Pidg the ends of an are (as 40. and 
is faid to ſubtend that ſs 3 the eircle into two 0 parts, called 
SEGMENTS-: Tune Oo 

12. A Draitren is 2 hor ailing . the center (as ob), and 
divides the circle into two equal parts, called 8EMICIRCLEIS. 

13. The CIRCUMFERENCE of every circle is ſuppoſed to be divided 
into.360 equal parts, called DEGREEs z; each degree into 60 equal parts, 
_ MinuTEs; each minute into 60 equal parts, called Secorxns, Ca 


14. A Plans AXGLE, is the inclination of two line A 
on the ſame plane meeting in a point (as Acs), - 
A right lined angle is formed by two right lines. + MY 
. The point where the lines meet is called the angular 8 
point (as c). A 
The lines which form the angle are called legs. 
Thus CA and CB are the legs of the angle ACB. 


An Angle is uſually mar hed by three letters, viz one at the en 
angular point, and one nt the other end of each leg; but that | 
at the angular point is always to be read the middle "ww (as 
ACB, or BCA). 

The meaſute of a right lined angle is an arc 
way contained between the legs (cB, CA) including 
the angle, the angular point (c) being the center of 
that arc, 

. 36. ARicuT ANGLE is that, the weblure of which 
is a fourth part of the circumference' of a circle, or 
ninety degrees. Thus the Angle ACB is @ right angle 
17. A PERPENDICULAR is that right line which 
cuts another at right angles; or which makes equal 
angles on both ſides. Thus Dc is perpendicular to AB, 
* When the. "angles DCA and DCB are equal, or are right | 


angles," 


2 

= 
18. An AcvTE AxnGLs (ACB) r ende is leſs Kee 
Ne 1 


than a right angle (Dos). | 

19. An O8TusE ANGLE. (erco) is that which is - 
2 than a right angle (uro). 

Acute ns W angles « are — Ou arent, 


. ta 33 
5 0 2 
, 5 20. Pa- 
/ P 
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20. PARALLEL Liss, are right lines in the ſame TER — 
plane, which do not incline to one another. 49 1 
AB, CD) 


21. A TRIANGLE is a plane hgure bounded by Fea of 8. 8 
lines. /4 Ny 


22. An EQUILATERAL. TRIANGLE is * in 9 
=_ the three lines, or ſides, are equal (as A). 
An IsosCELEs TRIANGLE is that nen has 
ls two equal ſides, (as 8'or c). 
24. A RIGHT ANGUED TRIANGLE (anc) 15 that 
which has one right angle (8): 


» 0 a * = 4 — 
- 
* 


25. An OpTusE ANGLED TrIAnGLE (oxy) has 
one obtuſe angle (x). Fu 

26, An ACUTE ANGLED Tauwerk (e) havallits' D * 
angles acute. „ : Ti 


27. A QA, or QuapritaTERAL, IV 
plane figure bounded by four right lines, or ſides. 2 

A SL uadrangle 1 ene expreſſed” by 185 5 at wn 1: 
poſi ite angle. th 

28. A PARALLELOGRAM i is a 3 the op- 
poſite ſides of which are arallel and equal (as 2). 

29. A RECTANGLE 1s a parallelogram with ide 
angles; and in which the length is Den than its 
breadth (as K). * fit an 10 ANRZULOC Ats i 

30. A SQUARE is 2 parallelogram baring loa equi © 
ſides, and right angles (as 8). 

31. A TRATEZTUu is 2 quadrangle the * 
Giles of which are not parallel (as T) 

32. The DiaGonal. of a quadrangle, is a line (an) 
drawn from one angle, to its oppoſite angle. Aa, 
33. The BASE of a figure, is the line it is, ſuppoſed 717 ; 

to ſtand on, ; | 
34. The Al riront or HerGHT of a ge is the * 
perpendicular diſtance (AB) between the baſe and the 
Vertex, of part moſt remote. from the baſꝙmme. 

5. ConcrRUous FIGURES, are thoſe which agree, 4146 5 
or correſpond, with one another, in every refypdl, ' 


5 


—_ — 
* 
7441 5 


36. A Teuezxr to a circle is a tight line an) 
touching its circumference,” but not cutting; and che e ne 
point (e) where it W is" called the point , See N 


centact,. 8 * ” 7 wa 75 "AF 
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37. An AncGLE (Bac) in a Segment (caps) is, 
when the angular point is in the circumference of the 5 
ſegment, and the legs includin ng the angle paſs through 
the ends (B, c) of the chord of the ſegment. 

Such an angle is ſaid to be in a circumſerence; and to P 
fland on the arc (gc) included berween the legs (aB, aq 
of the angle. 


38. Right lined figures, having more than four fide, are called Poly 
gens; and have their names from the number of their angles, or w_ 
as thoſe of five ſides are called Pentagons; of ſix ſides, Hexagons ; of 
ſeven lides, Heptagons ; of eight ſides, Octagons, &c. 


30 A Regular Polygon | is a figure with equal ſides, and equal angles. 
40. A figure is ſaid to be in ſeribed in a circle, when al che angle: of 


that figure are in the circumference of the circle. 


41. A figure is ſaid to circumſcribe a circle, when every fide of the 
figure is touched by the circumference of the circle, 


42. A Propoſition.is ſomething to be conſidered; and re- 
quires either a ſolution or anſwer, or that mum be _ out, ot 
proved. | 


A Problem is a cal propoſition, in which W is ed 
to he done, 'or l k 8 propoſe 


A Theorem is a ſpeculative propoſition, or rl in which Oomekking 
is affirmed to be true. 


A Corollary is ſome concluſion . from a eech re de 


A Scholium is a remark on ſome propoſiĩon; or W NIN N 
of the matter which it contains. 


An Axiom is a ſelf-evident truth, or principt cha eye one afſents 
to upon hearing it propoſed. . en 1 
A Poſtulate is à principle, or condition, Nene the Gin it 
or reaſonableneſs of which cannot be denied. pi I. 


In Mathematics, the following Poſtulates wit Axionms,. are- ; foi 
the principal ones Max are generally taken for granted. | by 


When a propoſition, from ſuppoſed premiſes, aſſerts ſuch and fach 
conſequences; and ſubjoins, Aud. the contrary :-itris to be underſtood, 


4 


that if the conſequences be aſſumed a6 premiſes: ben hat were firſt 


taken as premiſes, would become conf; equences. 


ow in- Article 95, it is premiſed, that if two vel ht lines are 
cut by another right line, there reſults this conſequence z 7 alternate 
angles are equal. And the contrary means; that where equal alternate 


angles are made _ two other right lines ; the right lines, 
fo cui, are par lines. 


* 


Poſtulates. 


we 
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Poſtulates. 


47. I. That a right line may be drawn from any given point to another 
given point. 


44. II. That a given on line may be * e or lengihened at 


pleaſure, 


5 III. That from a een poim, and with any ade a circle | 
K. 2 deſcribed. 


5 8 


46. I. Things equal to the ſame thing, are equal to one anather.; - 


47. II. If equal things | are added to equal things, the ſums or wholes 
will be equal. But if n added, che ſums are unequal. 


48 III. If equal tings are taken from, equal thinga, the rewainders, 
or differences are "PrP : but are unequal, when vacquals. are taken. 


IV. Things are hich oubl le unden 
or halt, third — wo n. and 590 8 5 goath ple, 12 | 


50. V. Things which have equal, meaſures, are equal, —_— the 
contrary. 0 
1 f M33%4 


51. VI. Equal circles have —— . 


52. VII. Eqiidbdach in-dqualiciveles;hawe wal duets, al are Wa 
meaſures of equal angles, Aud he nt. 


53. VIII. Parallel right lines have each the ſame webe 4 
right line cutting them. | e YO ee 


In what follows, it Ito be uhderſteod, chat right les bois. ſtralgbt 
lines) are drawn by the edyeiof 2 ſtraight ruler: cireles or are, tire de- 
ſcribed with one foot of a pair of compaſſes, the other foot reſting on 
che point which is taken for the center; and the diſtance of the feet, or 
points, of the eompaſſes is taken us the radius: alſo, that the point 
2 out by a letter, is to Ragan 8 = defence made 
to that letter. f f 3 


54. It is alſo when for good, e or et be PEE! 
between the co paſſes, and may be transferred ,or 645 from one 
place to another. Alſo, that one figure can be applied to, or Jad ww 
another, or. conceived to be ſo applied. | 


Inn V problem, when a line, angle, or figure «lids, 45 
597 angle or figure mul} de be n een wy part of gh qperation is 
perform 171 re 


» 1 "#3 a: 3 * . © 4 SN 
- * . 


SECTION 
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Geometrical Problems. 


35. PROBLEM I. 


To bifef, or divide into two equal parts, a Fond line AS. 
OrERATION. fſt. From the ends A and 8 © 
with one and the fame radius, greater than balf 1 
AB, deſcribe arcs cutting in c and D. (45) 
2d, A ruler laid by c and Dy gives E, the oh 


middle of AB, as required. „„ 
The proof of this yarns depends on articles | 

101, 99. SEES e 

. PROBLEM II. | x 


Tao biſeft a given right lined angle ABC. 


OrxrATI1ON. 1ſt. From B, deſcribe an arc Ac. 
2. From Aa and c, with one and the ſame ta- 
3 defcribe arcs cutting in v. (45)! wy 

. A right line drawn through B and D will di- 
vide the angle into two equal Parts, as s required, 

' The oy depends on article 101. | 


.. bb7 > 4 15 3 6 
From a given point B, in a given right line AF, to draw 4 right. Vine = 
aca + to the given line. 


d CAsk I. — he mid of hs lng e 


| OrnnamiOn: iſt. On each ſide of »; take 88 
the equal diſtances Bg., and B. (54). 
2 On c and k deſcribe, with one 5 ern 

ares cutting in D. (45 
zd. A tight line drawn through Band v Su be 
the perpendicular require. — 2 202 10 E 4 * 
The een on articie 103. ; 4. Fog 
58. A= II. When 8 is at, or ner the nd of th given line, oy 
- *OperRATION- 1ſt. On any convenient point 
e, taken at pleaſure, with the diſtance, or radius, 219875] 
CB, deſcribe an arc DBE, cutting AF in p, B. (45) _ 
| 2d. A ruler laid by p and c will eu this arc in E. » © 4 
105 3d. A 5 line drawn 1 Band E will de 
the 


5 44454 „400% . 


cular required. n 7 * 
Thi ae on article 130. Leib: god 02 1 10 e 
- * # 
. $29.21 1 * * z * I af bed et ——_ 1 ET WD —_— 
= — — rr rnmnmmmmmmmmm—_—_ 


og Thatha, firſt deſcribe-an arch from one ad; then deſeribe.an arc from 
the other poiat, with the ſame opening of the compaſſes. 


* 


59. PR O- 


— 


877 
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59. PROBLEM IV. 
To draw a line peryendicilar to u Rum right line AB, from a point e 


without that line. 


Cass I. hen the point C is nearly oppaſite to the QC 
middle of the given line. 
OPERATION. aſt. On c, with one radius, cut 
AB in D and E. | (45) 
2d. On v and x, with one radius, deſcribe ares 
cutting in p. (45) , 


A ruler laid by c and F gives 6; then draw ca, 
and that will be the perpendicular required, 
This depends on articles 101, 99. | \ 


60. Case II. Ihen c is nearly oppoſite to one end of the given line AB. 
OyreRATION, iſt, To any point p in AB, draw 


C 

the line CD, | ) : 8 

2d. Biſect the line CD in E. 650 . * * 31 

3d. On , with the radius xc, cut AB in 8. EX” 
Then c being drawn, will be the PRI e 
required. 311 

This depends on article 1 30. Þ aan. +" g 
6 PROBLEM V. 


To triſeft, or divide into three equal parts, a right angle Abe. 
OPERATION. 1ſt. From s, with any radius BA, de- 
{cribe the arc Ac, cutting the legs BA, BC, in A, c. 
2d. From A, with the radius AB, cut the arc ac 
in E, and from c, with the ſame radius, cut AC in D. 
3d. Draw BE, Bo, and the angle ABc will be 


divided into three equal parts, 
This depends on article 193. 


62. PROBLEM VL 
At a given point D, to make a right lined angle equal to a given "TON lined - 
angle ABC. . | 
OPERATION, 1ſt. From p and B, with one radius, | A. 


deſcribe the arcs EF, and Ac, cutting the legs of the B 
given angle in the points A, c. 

2d. Transfer the diſtance Ac to the arc E r, from 
r to E. (54 
za. Lines drawn from p, through x and x, will 
form the angle Er equal to the angle 420. 

This 1 on article 101. 


Var 
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63- PROBLEM VII 
To drawa line parallel to a given right line AB. 
CAsk I. When the parallel line is to paſs through a given point, o. 


OeeRaTion. tit. From c, with any convenient c 
radius, deſcribe an arc DF, cutting AB in D. 

2d. Apply the radius cp from p to ER; and from | | 
E, with the ſame radius, cut the arc DF in p. D 


3d. A line drawn through F and c will be parallel — — 
to AB. | 
This depends on article 101, 95. 


64. CAsE II. ben the parallel line is to be at the given diſtance c from AB. 


OPERATION. 1ſt. From the points A and B, 
with the radius c, defcribe arcs Þ and E. 

2d. Lay a ruler to touch the arcs D and E, and 
a line drawn in that poſition 1s the parellel required. — 

This operation is mechanical. a. c 8 


65. PROBLEM VII. 
Upon a given line AB, to make an equilateral triangle. 
Or ERATION. 1ſt. From the points A and B, 
with the radius AB, deſeribe ares cutting in c. (45) 


2d. Draw CA, CB, and the figure AB is the 
triangle required. 


ä 


43) 
The truth of this operation is evident; for the ſides 
are radii of equal circles. 


; 
A 


66. By a like operation, an Iſoſceles triangle 
DEF may be conſtrued on a given baſe DE, with D 
the given equal legs DF, EF, either greater, or leſs, 
than the baſe Dx. 


67 


. PROBLEM IX. | 

o make a right lined triangle, the fides of which ſhall be reſpefively equal, 
either to theſe of a given triangle ABC, or to three given lines, provided any 
two of them taken together are greater than the third. 


OPERATION. 1ſt, Draw a line DE equal to the Cc 
line AB. | (54) 

2d. On dp, with a radius equal to Ac, deſcribe 
an arc F, R 

3d. On E, with a radius equal to Bc, deſcribe 
another arc, cutting the former ate in r. (45) 
4th. Draw yp, FE, and the triangle DFE will be 
that required, 


This depends on article 125. 
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68. PROBLEM X. 
Upon a given line AB, to deſcribe a ſquare» 
OPERATION. iſt. Draw gc perpendicular, and ' — © 


equal to AB. 5 

2d. On A and c, with the radius AB, deſcribe |: 
arcs cutting in D. (45) \ 

zd. Draw Dc, DA; and the figure ABcp is N 
the ſquare required. | ws 

This depends on articles 101, 104, 95, 30. e's 
69. PROBLEM XI. A | Fo. 
To deſcribe a refangle whoſe length ſhall be equal to H 1 
a given line EF, and breadthequal to another given line d. 5 


OPERATION. 1ſt. At E and F ereCt two per- 
3 EH and FI, each equal to the given 
ine 8. U G 

2d. Draw Hr, and the figure EF1H will be the 
rectangle required. | 

This depends on articles 29, 101, 104, 95. 60 
70. PROBLEM XII. 

To find the center of a circle. 

OpERATTON. iſt. Draw any chord AB. 

2d. Biſect AB with the chord cd. (55) E= 

3d. Biſect cp with the chord Er, and their , 


interſection @ will be the center required. 
This depends on article 125. | 4 
71. PROBLEM XIII. | Fre th 
To divide the circumference of a circle into two, four, eight, ſixteen, thirty« 
two, c. equal parts. * 
OrERATION. 1ſt. A diameter AB divides te (rn g 
circle into two equal parts. (12) 2] RJ 
2d. A diameter Ds, perpendicular to AB, divides 2 
the circumference into four equal parts. 5 
3d. On A, o, B, deſcribe arcs cutting in a, bz A 
then by the interſections a, b, and the center, the 
diameters FG, HI, being drawn, divide the cir- 
cumference into eight equal parts; and ſo on by 1 
continual biſection. | | : 
For at each operation, the intercepted arcs are biſefied, and the parts doubled. 
72. PROBLEM XIV. Br 
To deſcribe a circle, the circumference of which ſhalt paſs through three 
given points A, By C, provided they do not lie in one right line. 
OPERATI1ON. iſt. Biſect the diſtance cg with 
the line DE, | a _ 
24. Biſect the diſtance as with the line FG. 
zd. On x, the interſection of theſe lines, with 
the diſtance to either of the given points, de- 
&ribe the circle required, 


. 


E 2 73. ER OB. 
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8 PROBLEM XV. 

To draw a tangent to a given circle, that ſhall paſs through a given point A. 
Casꝝ I. When a is in the circumference of the circle, B_g A 2 
OPERATION. 1ſt. From the center c, draw 

the radius CA. (43) 


2d. Through A draw BD perpendicular to CA 
(58), and BD is the tangent required. 
This depends on article 126. 


74. Cass II. When the given point A, is without the given circle. 


— n 


OreraT10Nn. iſt. From the center c, draw , 
CA, which biſect in B. 55) 

2d. On B, with the radius BA, cut the given 
circumference in v. | 

zd. Through p, the line AE being drawn, 
will be the tangent required. 

This depends on articles 130, 126. 


| "PROBLEM XVI. 
To two given right lines A, B, 10 find a third proportional. * 
OPERATION. 1ft. Draw two right lines mak- 


ing any angle, and meeting in à. 0 
20, In theſe lines, take ab=firſt term, and 
ac, ad, each equal to the ſecond term. d 
3d. Draw bd, and through c, draw ce parallel B 
to bd; then ae is the third proportional ſought. * A 
And ab: ac: : ad: ae“. 
T his depends on article 165. A 
| le 
76. PROBLEM XVII. | 4 
To three given right lines A, B, c, to find a fourth proportional. 2 
Or ERATION. iſt. Draw two right lines making A 
any angle, and meeting in a. B- —_— 8 
2d. In theſe lines take ab=firſt term, ac 1 
ſecond term, and ad S third term. 2 f i 
3d. Draw bc, and. parallel to it, through 4, draw LE is 1 
de; then ge is the fourth proportiogal required. | 25 di 
And abtae:; d s. —. 
Thais depends on article 165. 4 Is p. 
ae — 6, 
| . 7 » * 3 5 - , . ; : vi 4 
* And is thus read: 25 is to ac, as ad is to ge. 88 FIND "LY T 
The character (:) ſtauding for ix 7, and the character (1) for 41. 7 
i be ICS | 2 IF | NITIY Vol BY 3544! 3031734018 ©; 
7 


77. PRO R. It 
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77. PROBLEM XVII. 
Between two given tight lines A, R, to find a mean proportional. 

OrERATIeN. Ist. Draw a right line, i in which ,___ 
take ac A, ab==B. -- 

2d. Biſect be in (55); and on.F, with the ra- 
dius F, deſcribe a ſemicircle bec, 

3d. F rom à draw ab perpendicular to bc ( 3702 ; 


then ae is the mean 4 e n 
And oc: ge:: e b. | 


A — 


This depends on article 171. 

78. 1 PROBLEM. XIX. 
To divids a given line BC in the ſame propartion as a given line As vided, 

OPERATION. 1ſt. From one end B; of Bc, draw 
BD, making any angle with Bc. 1 22 

2d. In 8D apply from B,the ſeveral divifons N Sod. 
of A; ſo Eb will be equal to a, and alike divided. 

3d. Draw cD; then lines drawn. parallel to 
co through the ſeveral diviſions of BD, will di- 
vide the line BC in the manner required, 

This depends on erticle 165. 


79. Farin 


Ta divide a given right line AB into d propoſed number 7 fort 
(ſuppoſe 27272 

OreraTION. 3ſt. From PR one end of AB, 2 
draw At to make any angle with AB; and from 
B, the other end, draw BF, making the angle 
ABF equal to the angle sax. (62 >, 

2d. In each of — lines AB, By, beginning at A 
A and B, take, of any length, as many equal parts, 
leſs _ as AB is to divided i into, VIZ. I, 23 3» 
4 5, © © Ih; F Cy 

3d. Lines Are from/ x to 1 20 5 394 45 
Oc. will divide AB as was required. 

This depends on article 165. ro 
80, „ N Another Method. 

OrenATTon. iſt. Through one end A, draw a 
line cc nearly perpendicular to as. 
2d. Draw EF parallel to Als at _ convenient RR EEE 
diſtance?! 4 {4 2 FG © SEARS Gs * 

zd. In Ex take, of any length, an many equal g — — 
= as AB is to be divided i imo; as 1, 25 3 + 55 El 2 

./ ³ ./ ⁵ ↄ AA 

4th. Throogh's and/ 1. Sbere the diviGond ter- by > 
minate, draw BC, meeting CC in c. 

5th. Lines drawn from © through the ſeveral diviions 
AB, into the equal parts required. 

Note, If the fant of the divifions favs to F chance be leſs ta ; 
AB, the point c, and the line Er, will be on the ſame ade of AB 


it greater, c falls on the A | 81. P R O- 


of x5 wikes 
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81, PROBLEM XXI. 
To make Scales of equal parts. 


OPERATION. iſt. Draw three lines, A, B, c, parallel to one another, 
and at convenient diſtances, ſuch as are here expreſſed. 
2d. In the line c, take the equal parts ch, bc, cd, da, &c, each equal 
to ſome propoſed length. | 

zd. Through c, draw the line DE perpendicular to ca; and parallel to 
DE. through the ſeveral points , c, d, a, &c. draw lines acroſs the three 
parallels A, B. c; then are the ſpaces or diſtances ch, bc, cd, &c. called 
the primary diviſions. 

4th Divide the left hand ſpace into 10 equal parts (80), and through 
theſe points let lines, parallel to DE, be drawn acroſs the parallels 3c; 
and the primary diviſion cb will be parted into 10 equal ſpaces, called 
ſubdiviſions. | 

.5th. Number the primary diviſions from the left towards the right, 
beginning at c, and the ſcale is conſtructed. 

D / | 


4 WW — 
. > MP es % 
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Such Scales are uſeful for conſtructing figures, the ſides of which are 
expreſſed in meaſures of length; as feet, yards, miles, Cc. Or to find 
the meaſures of the length of lines in a given figure. | 

Thus a line of 36, or 360, feet, yards, &c. is taken, by ſetting 
one point of the compaſſes on the third primary diviſion, and extending 
the other point to the ſixth ſubdiviſion : and fo of others. 

In theſe ſcales it is uſually ſuppoſed, that an inch is divided into ſome 
number of ſuch parts, as are expreſſed by the ſubdiviſions. 

82. To find the diviſions of a Scale of equal parts, when any given number 
of them are to make an inch. wy | 

OPERATION. iſt. Make a ſcale ca, where the primary diviſions ſhall 
be each one inch; let pc be at right angles to ca, and the left hand ſpace 

'$ be divided into 10 equal parts, and draw vò from any point p. 
. 2d. Draw DH, making with Dc any angle; and make DI gc. 
4 Take the number of parts propoſed in an inch, from the Scale ca, 
hs mY them from p to n, in the line pc, continued if neceſſary, 
pn raw m1, and CG parallel to at; and make Dr =DG. - 

St Through draw er parallel to ca, cutting Db in t; then vt will 

* 18 - 3 diviſions containing 10 of the parts the inch was 


— rag drawn from D to the diviſions of ch, divides rt into 10 


83. PRO. 
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To divide the circumference of a circle into degrees; and thence to make a 
Scale of chords. WP wt 


OPERATION. iſt. Deſcribe the ſemicircle ABD, the center of which 
is c and draw CD at right angles to AB. | 

2d. Triſe& the angles Acp, DCs, in the points a, 5; c, d (61): 
then by trials, divide the arcs Aa, ab, bD, Dr, ca, ds, each into three 
equal parts, and the ſemicircumference will be divided into 18 equal 
parts, of 10 degrees each, 

3d. Theſe arcs being biſected, will give arcs of 5 degrees. 

4th. And theſe arcs being divided into 5 equal parts, by trials, will 
give arcs of 1 degree each. | . 2. 

5th. The chords of the arcs Ad, Ac, AD, Ab, Aa, and of every 
other arc, being applied from a on the diameter AB, will divide AB into 
a Scale of chords; which are to be numbered from A towards B, - 


PSS 
/ 0, 


2 
K 
AS S8 8 8 8 8882 


A Scale of chords is uſeful for conſtructing an angle of a given number 
of degrees : And for finding the meaſure of a given angle. 


- - 
"VP n - 


8. PROBLEM XXII. 
To make an angle of a propoſed number of degrees. 


OyEeRATION. iſt. Take the firſt 60 deg. from the 
Scale of chords, and with this radius deſcribe an arc 
BC, the center of which is A. 

2d. Take the chord of the propoſed number of 
degrees from the Scale, reckoning from its beginning, 
and apply this diſtance to the arc Bc, from 8 to c. 

za. Lines drawn from A, through the points B and c, will form an 
angle BAC, the meaſure of which is the degrees propoſed. 

With Scales of chords not exceeding go degrees, ſuch as are gene- 
rally put on rulers, angles greater than go degrees, ſuppoſe of 138 
deg. 7 to be taken at twice, viz. 69 and 69 (4 of 138), or 90 
and 48. 


I ben a given angle BAC, is to be meaſured. 


From the angular point A, with-the chord of 60 degrees, deſcribe the 
arc BC, cutting the legs in the points B and c. 
T ben the diſtance Bc; applied to the chords, from the beginning, will 
ſhew the degrees which meaſure the angle BAC, 
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85. PROBLEM XXIV. 
In a given circle io inſcribe a regular polygon, the number of ſides being giuem. 


 OrzRATION. 1ſt. Divide 360 degrees by the 
number of ſides, and the Quotient will be the de- 
grees which. meaſure the angle at the center of the 
Circle, ſubtended. by a fide of the polygon®, A 

| 2d. Draw the radius Cg, make an angle gc 
equal to thoſe degrees (84), and draw the chord ps; 
then will ps be the ſide of the polygon required; 
which, applied to the circumference from 8B to a, re. 

4 to 5. h to c, &c. will give the points to which the ſides of the polygon 
are to be drawn. 

If the polygon has an even number of ſides; draw the diameter AB; 
and divide half the circumference, as before; then lines drawn from 
theſe points through the center, as ED, will give the remaining points, 
in the other ſemicircumference. 


86. PROBLEM XXV. 


On a given right line AB, to conſiruct a regular polygon of any aſſgned 
number of fides. © 


OPERATION, 1ſt. Divide 360 degrees by the 
number of ſides; ſubtra&t the Quotient from 180 
degrees, the remainder will be the degrees which p 
meaſure the angle made by any two adjoining ſides 
of that polygon, and is called the angle of the po- 

gon f. 

: 2d. At the ends A, B, of the line ap, make an- 
gles ABC, BAD, equal to the augle of the polygon. 
3d. Make Ap, Bc, each equal to AB. 

4th. At the points c, D, make angles equal to 
that of the polygon as before; and let the ſides in- ;; 
cluding thoſe angles be each equal to AB; and 
thus proceed until the polygon is conſtructed. 

In figures of any number of ſides, the two laſt, 
fides DE, CE; or EG, HG; are readieſt found by 
deſcribing arcs from c and v, or from E and H, win 
the radius AB, iaterſected in E, or in G. | 
In figures of an even number of fides, having drawn half the number, 

AD, AB, BC, CF, by means of the angles; the remaining ſides may be 
found, by drawing through the points D and F the lines DE, FH, pa- 
rallel and equal to their oppoſite ſides CF, AD; and fo of the reſt. 


0 


—ͤ „1 * —-— — ; nn... 


FR 


Fer there will be as mgny equal angles at the center as there are equal fides. 
And the whole circumference meajures the ſum of all the ang les at the center. 
+, For tach fiat of the pelygon wilb radii drawn to its ends form an 1/oſceles 

triangle. 2 | 


T hen the angle. of the Polygon is derived from articles 85, 96, 104. 


87. PROB-.. 


of 
I 
a 
* 


4 


1 * 
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Gout a given Regular Polygon, to circumſcribe a circle: or within that 
Palygen to inſcribe a circle. 


OrzRATION. iſt. Biſe&t any two angles FAB, : 
cBA, with the lines AG, BG, (56) and the point 
o, where they. interſeQ one another will be the 
center of the polygon. ö 

2d. A circle deſcribed from o, with the radius 
oA, will circumſcribe the given polygon. 

This depends on.article-$5, 96, 104. 

88. Again. 1ſt. Biſect any two ſides Fx, ev, 
in the points H and 1 (55) ; and draw RG, 10, at right angles to'FE, Ep 
(57); then che point 'G, where they int interſe& each other, will be the 
center of the Polygon. 

2d. A circle deſcribed from o, with the radius ou, will be inſcribed 
in = given polygon. 

This depends on article 126. 


89. PROBLEM xxvn. 


On a given right line (ap), to deſcribe a ſegment of a b that ſpall 
contain an-angle equal to a given right lined angle (e). 
OPERATION. iſt. Make an angle BAF equal G 
to the given angle c. (62) 
2d. From R, the middle of as, 0 HI at 
right angles to as (57), and from A draw Al at 
es angles to AF (58), cutting n in 1. 
rom 1, with the radius 14, deſcride 2A 


5 
cle TS 
Then will the ſegment aGs contain an angle — 
hon equal to the given angle.c. | 


This . 125, 126, 132. 
| PROBLEM: XXVIII. 


To divide a right line in continued, proportion, in ths ratio mg ew pions 
right lines AB, ac. 

OPERATION, iſt. From n with ibe radius AB 
(the antecedent) deſcribe an arc ac. 

2d. In that arc apply (the conſequent) ac from 
A to c; draw Ac, and apply cA from c to D. i 

WF, Apply the following lines in the order di- 

ed, viz. AD from A to d, and fromdto ; 

AE from A to e, and from e to r; AF from a to 
, and from ftoG; AG from a to g, and from g A 
to u, Kc. Then will the proportional libes be AB ; 
AC, AD, 2 AF, AG, &c. And 

AB: : (ac S) A0: (ad=) Ab. 
4 AB : as :: (Ad=) AD: (A=) AR. 


— 1 
WE 
ng. S AE\3; ü (Ac ] AE: () AF. : : 
62 \ it \ 
This depends on articles 104, 95) 5 A BCD * bo 
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SESCILION IT, 
Geometrical Theorems. 


Or Richr Lines AN D PLAN EG. 
91. THEOREM I. \ 
hen one right line (cd) flauds upon another right . 


line (AB), they make two angles (BCD, ACD) which N 
together are equal to two right angles. 1 \ 
F | yy” 
DemonsTRATION. For deſcribing a ſemicircle ADB, on c. (45) 
Then the arc Ds meaſures the angle gen. 15) 
And the arc DA meaſures the angle Ach. 15) 


degrees. . | 

93- THEOREM. II - Ne 8 
If two right lines (ac, EB) interſef each other 

(in Þ), the oppoſite angles are equal, viz. Wy e 


* / CDB = Z£ ADE, and Z CDE == /_ ADB, 1. * | 2 
+ Dew. For the angles ADE and ADB together make two right angles. (91) 


And the angles cpo and ADB together make two right angles. 25 
Therefore the ſum of ADE and ADB = ſum of cpB and avB. (46 


95. THEOREM m. | F 


If a right line (r x) cut two parallel right lines (An, 
CD); then is the outward angle (a) || equal to the in- 
ward and oppoſite angle (d) ; and the alternate angles 


(c, 4) are equal: and the contrary, 6: 1; wc = 
DEM. — cD and AB are parallel by ſuppoſition; 

Then FE has the ſame inclination to CD and AB. | 53 
And this inclination is expreſſed by the C a or L d: 25 
Therefore the outward E. a is equal to the inward and oppoſite 2. d. 
Now the L. a is equal to the 4 c, © (90) 
And fince the . à is equal to the 7 4 8 
Therefore the alternate angles c and d are equal. (46) 
© The mark FA Hands for the word angle, 1 — Trad 


+ Deu. fand. for Demenſiration. t Conor. fands for Corollary. 
Alis are ſometimes marked by a ſingle litter, Thus angle a is uſed for angle ran 


96. THEO« 


ſides 2 DF) and the included a mg 
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96. T HE OEM IV. ** 


In any "right lined triangle (Bc), the ſum of tbe 
three angles (a, b, c,) is equal to two right angles: 
And if one fide (BC) be continued, the outward angle 
(f) is equal to the ſum of the two inward and oppoſite 


angles (a, 0)» 


| | bw = © 
Du. Through a, draw a right line parallel to Bc, (63) making with 
AB the Ze, and with AC the angle d. | 


Now er; and dg Cc. being alternate (95) 
And two right angles meaſure the Ze+ Caf “. (92) 
Therefore Zb T ZAT £4=ge+,a+4d — (47 
Conſequently 45+ Ca Ces two right angles. | | 0 
Moteover A£6b+2f Stwo right angles. | (91) 


Therefore gZ6b+20 —FS / | + 
97. Hence, if one angle is right or obtuſe, each of the other is acute. 
98. If two angles of one triangle are equal to two angles of another 

triangle, the remaining angles are equal. And if one angle in one triangle 

is equal to one angle in another triangle, then is the ſum of the remaining 
angles in one, equal to the ſum of the remaining angles in the other. 
THEOWEM-V. C Ep 
If two fides (AB, AC) and the included angle (A) 3 
in one triangle (ABC), are reſpectively equal to two 
ngle (D) of another 
ſe triangles con- 


(DEF), 
gruduss 


each to each ; then are 


| A 0. 
Dem. Apply tbe point p to the point A, and the line De to AB. 
Now as * (by ſuppoſition); therefore the point E falls on * 
But 4. D=Z. A (by ſup.) ; therefore DF will fall on Ac. 
And fince or Ac (by ſup.); therefore the point F falls on c. 
Conſequently Fe will fall on cp. 47 
Therefore the triangles ACBy DFE, are congruous; ſince every part agrees, 


10. - THEOREM VI. | > 
If two triangles (ABC, DEF) have two angles (A, B) 
and the included fide (4 B) in one reſpettively equal to 
two angles (D, E) and the included fide (DE) in the 
other, each to each z then are thoſe triangles congruous. 
"DD Ez 


| A. 
Du. Apply the point p to 4, and the line De to as. 


Now as DE = AB (by ſup.) ; therefore the point E falls on s. 


And as CDS LA (by ſup.) therefore the line DF falls on Ac. 
Now if the line Ac is leſs or greater than the line bor; | 
Then the line FE not falling on cB, makes the E Bleſs or greater than / x. 


But . = E E (byſup.); therefore ac is neither leſs nor greater than De, 
Or the line Ac Dr; conſequently FES B. 8 


Thereſore the triangles are congruous, 101. THEO 
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ror. THEOREM VI. 


Tv: triangles (ABC, DEF) are congrumus,' when 
the three ſides in the ane, are equal to the three fides in 
the other, each to each. ; 


C A B D | 
DEM. Apply the pgint p to 4, and the line DE to s. 634) 
Now as DE SAR (by ſup.) therefore. the point E falls on 8. 

On a, with the radius Ac deſcribe. an arc. 


. (> 
* 


Then as DF=AC, the point ꝝ will fall in that are. 
Alſo on 8, with the radius xc, deſcribe another are, cutting the former inc, 
And ſince EF=BC, the point will fall in this arc alſſ . 
But if the point F can fall in both 'theſe arcs, it can be only where they 
interſect, as in c. Ct 2 | | 
Conſequently the triangles are congruous. 
102. THEOREM VIII. 8 
Tuo triangles (ABc, DEF) are congruous, when | * 
tevo angles (A, B) and a fide (ac) oppoſite to one of them, 
in one triangle, are riſpectiuely equal to two angles 
(o, E) and a fide (DF) oppoſite to a like angle in the 

other triangle, each to each. | 


| 'S pg fe | G B: 

Dem: Apply the point p to A, and the line DF to Ac. VF (54) 
Now as DF Ac (by ſup.), theteſore the point falls on a. 
And as Z DS EA (by ſup.), the line DE will fall on the line as. 
And if the point E does not fall on B, it muſt fall on ſome other poing 
Then the angle AGC is equal to the angle-DEF,. . _., - ( 
And the angle aBc=(DEFS):;aGc, which is not poſſible. 47 
Therefore the point E can fall no where but on the point B 
Conſequently the triangles are congruous. 


1n the Iſoſceles, or Equilateral triangle (acs); a 
line drawn from the vertex (C) to the middle of the baſe 
(AB), is perpendicular to the baſe, and biſecis the ver- 
iical angle: and the contrary *, 


E. 


C . Aida 4D 
Dem. The triangles apc, BDC, are congruous. * 
Since CAZCB (23); CD=CD, and AD=DB by ſuppoſition: 
Therefore CAS EB, C ACD=L.BCD,- CADC SBD. (101) 
Conſequently CD is at right angles to ag. 1444 ASP 
104. Corot. Hence in any right lined triangle where there are equal 
ſides, or angles; | 24 | Ie 
The angles (A, f,) appoſite to equal ſides (Bc, Ac) are equal. 
And the ſides (gc, AC.) oppoſite to equal angles (A, x,) are equal. 


7 That is, If a line drawn perpendicular to the baſe of a triavgle biiec 
the vertical angle; then that triangle muſt be Iſoſceles, and the perpendicular 
is crawn from the middle of the baſe, | e 


165, THEO 
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105 THEOREM X. 


In every right lined triangle (Ane), the greateſt 
angle (e] is oppoſite to the greateſt fide (aB).. -- 


52 
Dem. In the greateſt ſide AB, take Ap Ac, 42 cD, and through 
B draw BE parallel to ep. (6) 
Then the angles Abe, ACD, are equal. (104) 
And Z{ ADC=Z ABE. | Sh | * 9 
Therefore 4 ACD= Z. ABE. | (46) 


That is, a part of the angle Acs is greater than the angle anc. 
Conſequently the c is greater than the ; and in the ſame manner, 
it may be proved to be greater than the Za. 5 


106. Cox or. Hence in every right lined triangle, che greateſt ſide is 
oppoſite to the greateſt angle. E ain | 


1079. THEOREM xl. 


Parallelegrams (ACDB, ECDF, EGHF) landing on 
the ſame baſe (CD), or on equal baſes (CD, G,] and 
between the ſame parallels, (en, Ar, ) are equals 


Dem. For AB=EF, being each equal to cp. 

To each add BE, and Ak = B. 

Now AC=BD, and CE=DF. 

The triangles Ack, BDF, are therefore congruous. 5 

Now if from each of the triangles ACE and BDF, be taken the triangle 

BIE, the remaining trapeziums ABIC and FE1D are equal. (48) 

Then if to each of the trapeziums ABIc, FE1D, be added the 05 

C1D, their ſum will be the parallelograms Ap and DE, which are equal. (47 
And in like manner it may be ſhewn, that the parallelogram EA is equal 

to the parallelogram ED AL. fl e 


109. THEOREM XI. 


A triangle (AB is the balf alle | 
(a ory 5 „ — 47 . A — 


are between the ſame parallels ( aB, CD). 


2 2 | 
Dem. Ac is equal to DB, and As to DC. WS. (28) 
Alſo BC is a fide common to both the triangles anc and os. 

Theſe triangles are therefore congruous. we (101) 


Conſequently the triangle A ac is half the parallelogram as. 
109. Cox ol. I. Hence every parallelograin'is biſected by its diagonal. 
110. Co kol.. II. Alſo, triangles ſtanding on the ſame baſe, or on 

equal baſes, and between the ſame parallels. Care equal. 

They being the halves of equal parallograms under like circumſtances. 

E 111. THE O- 


62 G EOME T R. 


111. THEOREM XIII. 


In every right angled triangle (Bac), the ſquare 
on the fide (BC) oppoſite to the right angle (A) is © 
equal to the ſum of the ſquares of the two ſides AB, 
AC) containing the right angle. 


Dem. On the ſides AB, Ac, Bc, conſtruft the ſquares Ac, Ak, cp 
(68): draw AD, CE; and draw AF parallel to BD. (63) 
"Then the triangles ABD, EBC, are congruous. (99) 
For the Z ABE=4.CBD, being right angles. (30 
To each add the angle ABc, then Z ERC and Z ABD are equal. (47 
Therefore EB, BC, ERC are reſpeCtively equal to AB, BD, . ABD, 
Alſo the triangle ERC is half the parallelogram Ak. (108) 
For they ſtand upon the fame baſe ER, and are between the ſame paral- 
lels/EB and Ac; BA making right angles with BE and ca continued. 
Likewiſe the triangle ABD is half the parallelogram BF. (108) 
For they ſtand upon the ſame baſe BD, and are between the ſame pa- 
rallels BD, AF. f 
Therefore, as the halves of the parallelograms EA and By are equal, 
conſequently the parallelogram BF is equal to the ſquare AE. (491 
In the ſame manner may it be ſhewn, that the parallelogram CF is equal 


to the ſquare AG, | 
But the parallelograms BF and er together, make the ſquare cp, 


Therefore the ſquare co is equal to the ſquares EA and AG. 


112. Conor. I. Hence if any two fides of a right angled triangle 
are known, the other fide is alſo known. | 


For gc =ſquare root of the ſum of the ſquares of Ac and AB. 
Ac=ſquare root of the difference of the ſquares of Bc and As. 
AB=ſquare root of the difference of the ſquares of Bc and Ac, 


113. Or thus, making the quantities BC*, AB*, AC*, to ſtand for the 
ſquares made on thoſe lines. $44 
And the mark to ſtand for the ſquare root of ſuch quantities as 


ſtand under a line joined to the top of this mark. 
Then gc AC + ant; 
Acg VIC — AB“; 
ABV -A. | 


Schale The Wande e 4 a. 4. tor thee doubles. rind 
&c.) will form a right — 8 23 1 12 


rer Ss +3; Or 25=16+96 


114. Conor. 


. 
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114 CooL. II. Of all the lines drawn from a given point to a given 
line, the perpendicular is the ſhorteſt. ; | * 


115. Conor. III. The ſhorteſt diſtance between two parallel right 
lines, is a right line drawn from one to the other perpendicular to both. 


116. CoRoL. IV. Parallel right lines are equidiſtant; and the contrary, 


For two oppoſite ſides of a — — are equal (28); and 
each is the ſhorteſt diſtance between other ſides, ( | y 


r 


117. THEOREM XV. 
If a right line (AB) be divided into any two parts (Ac, cn]; then will the - 


ſquare on the tohole line be equal io the ſum of the ſquares on the parts, together 


with two refangles under the two parts, 


That is A. +2 X AC xc. 


Deu. Let AD, AF, be ſquares on AB, AC. (68) N 


Then will Fe, — GD be _ equal to es. (48) 
Hence FD is a ſquare on a line equal to cs. 30) 4 
Alſo FB and FE are rectangles on lines equal to Pool E 
But the ſquares AF, go, and the rectangles FB, rx, K 1 
fill up the ſquare AD, or are equal to AD. 


118. Co kor. I. Hence the ſquare of (Ac) the difference between two 
lines (AB, CB), is equal to the ſquare of the greater (A), leſſened by 
the ſquare of the leſs (cg) and by two rectangles under the leſſer line 
(8) and the ſaid difference. | / 


That is AB—=BC*=AB*— BC —2BC * AC: 
For A8 — BC Ac. Wh : 
Then 3T* =I3B*—BC*—=2nC XAG . (48) 


119. Cokol. II. The difference between the ſquares on two lines 
(AB, AC) is equal to the rectangle under the ſum (AB+ Bc) and differ- . 
ence (AB—BC) of thoſe lines, | 311 

That is 3B*—iG*= ABT BCX I. ; not, 

For d - AC*=TB* + 2AC X CB. (11, 48} 

 ZCB+AC+AC X CB. El. 
= -ABTacx(cB=)4B<AC- 


— — 
„ 


—_ 


* The refangle under two dies is generally expreſſed by 3 letters; the firf 
two letters fland for one line, and the 27 
- Thus fer aCX CB, is wrote ACB» 
for ABX BC, tis wrote ABC. 
And for 2X AC Xx CB, is Wrote 2ACB» 


two for the other line. 
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120. THEOREM XV. 


In every triangle, (AvDc) the ſquare ef 4 op) ſubtending an acute 
angle (A), is — to the IA. the A — about * ang 
leſſened by two reflangles under one of thoſe fides (AC) and that part (as) 
contained between the acute angle and the perpendicular (DB) drawn to that 
fide (ac) from its oppoſite anghe (0). | 


: 


That is, PS ID + AT* — 2CAB. 


Dem. Do* —Bo*=(DB*=)AD*—AB*. — 
And AG =2ABC+BC'+AB'» _ 117) 
Then p̃ᷣ C- = AD* -- 27 — 2ABC- 


48) 


And PG =D AT- 25-24, by adding g0* + . 
(ABN AB— RCN 2AB) ö 


- (—ABTBC MX2AB ) 
Then B =D + AC*—(AC x 2ABZ)2CAB. 1 7 
—_—_ 
. Hence AB= —.— 5 
122. THEOREM XVI. 


In an obtuſe angled triangle (Ac p), the ſquare of the fide ( av 10 
the — — (c) it — to the ſum of 15 4 4% (ap) Mo o) 
about the obtuſe angle; together with two reftangles under one fide (ac), and 
the continuation (CB) of that fide to meet a perpendicular (DB) drawn to it 
from the oppoſite angle (p). e 


That is, 5 =AC*+TD* +2AC N, 


Dem. For 3D*—IB* =(DB*=)65*— 072. (111). 
— . _AB*=2AcB+AC “. (117) 
hen 75 


123. Cok ol. Hence 22222 


SE” 


R . 


* to the extremities of the chord DE. 


ws” THEOREM XVII. > > *, 


any circle, a diameter (AB drown per pendic 
to a ow, (De), a * _ and its Net. 


(DBE). \ * 
Dem: From the center c, hs n e er, 


Then the triangles CFE, CFD, are congruous Anas & + 


For CF being at right angles to BE, the (c pο e cre. = 5 5 
And the triangle cDe being iſolceles (23), ys 4 4 (104) W 
CF is common. 0 33 ns ür 24 
Therefore — : Aud the arc 2 N vr Toe of FRF? 

For thoſe arcs meaſure the equal angles FR, gene Wen 54-5, ws 


125. CoROL, Hence, in a circles 4 ght line reg es agb che 
middle of a chord at right 6 it, * the veer 0 that 
circle ; and the contrary. 


126, THEOREM xVIII. 2 


2 (ap) to 6 2 is per pe ndicu/ar 10 a 4 4 
Deu. it it de denied ihat dicular to AB: 
Then from the center 9, — ome other line 8, 
N circle in E, be drawn 2 to a8. 
ow the angle DBC bein right, the CB is agu , 
Couſequan DC 1 — han DB. n * 
But be DE (, Therefore px is greater than Ds, which is abi 
Therefore no other line paſfing through the center can be ata a 
to the tangent, but that SH meets it att the bolnt of * 


127. ; THRORE M XIx. 
An angle (vp) at the center of a tircls, ir 4% 
to the angle (BAD) at the A when 77. 


4 


angles fand on the ſame are (BD). 

Dem. Through the point à dra the diameter aB. K 

Then the angle e = 4CAD+ e {96). | 

But the ZA gh. — * 20 
25 


Therefore the ZECD is equates: twice the an gle C&D. 
In che ſame manner it may be ſhewn, that. the angle. ver is equal i 
twice the angle Bax. 

Conſequently the angle c (= Lecyt * 2 ce) is equal to twice t 
angle BAD (ZZLEADE 4 BAE). UE. >... = 424M 


128, Conor. I. Hence an angle (p at he crcumwſerence is mea 
ſured by balf the are (an) on which it ſtande. 


For the angle at the center (nc) is meaſured by the arc BD, (1 9 
Conſequently the * Bab half the angle BCD, is meaſured by half. 
arc BD. 


129. Conoz.. II. All angles in the circumference, ond tading on 


the ſame are, are equal. 


L bY * The mark 2 galdes the ſum or difference. 
ED. 130. THEO- 


— 


- — — — 


— 
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; = THEOREM XX. 


An angle ( BAC) in a ſemicircle, is a right one. 

An angle (pac) in à ſegment leſs than a ſemicircle, E 
is obtuſe. | 

An angie (EAC) ina ſe . greater than a femicir-. yo 
cle, is acute. | 


De: M. For the angle B BAC is meaſured by half the ande nden arc arc, 
or is meaſured by half of 180 degrees ; that is, by go degrees. (128, 16) 
And ZDAC is meaſured by halt the arc DEC, greater than 180 . 
Alſo CREA is meaſured by half the arc Ec, leſs than 180. 

Therefore theſe angles are reſpectively equal to, greater, or leſs than 90 
degrees. ; 


131. Cox. Hence in a right angled triangle (Bac); the angular 
point (4) of the right angle, and the ends (B, c) of the oppoſite fide, 
are equally diſtant from (r) the middle of that fide ; that is, a circle 
will always paſs through the right angle, and the ends of its oppolite 


ſide taken as a diameter. (60 +18 


132. THEOREM XXI. A 0 


. The angle * by a tangent (AB) 10 
a circle (CDE), and acherd (ep) drawn from the 
point of contact (e), is equal ts an angle (CED) in 


the alternate ſegment ; and is meaſured by half the D J 


arc (DC) of the included ſegment. 


Dem. Draw the diameter Fc and join DF. 


The C ACF and CDF are both right. - (126, 130) 
Therefore the C“ per and DFC are together = a right Z. (96) 
But the Z AcD and Der are together = a right Z. | 
Conſequently the / DCF and DFC=the 4* acD and Der. (46) 
Take the Cper from each, and the £Drc=the Zn. (48) 
But the Z* DEC aud DEC are equal. | (129) 
Conſequently the & DEC and ACD are equal alſo. 71 75 (46) 
4 1 * 

P 5 ie 


t A ſmall ® put above-any-figure, ſignifics degrees: 


I v4 . * 
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133. THEOREM. XXII. G_ 
Between a circular arc (Ahr) and its tangent (AF), 3 H * f 
no right line can be drawn from the point of contact . R 


(a). 


* 


Demon. For if any other right line can be drawn, let it be the right 
line AB» | FTP | ; 

From p the center of AHF, draw DG perpendicular to AB, cutting 48 
inG, and the arc in E. 

Now as L DGA is right; therefore DA is greater than DG. (106) 
But DAS DH (9g). Therefore DH 1s greater than DG, which is abſurd. 
Conſequently no right line can be drawn between the tangent AE and 
the arc AHF, | 


134. Cokol. I. Hence the angle Dan, contained between the radius 
DA, and an arc AH, is greater than any right lined acute angle. 

For a right line AB muſt be drawn from A, between the tangent AE 
and radius AD, to make an acute angle. 

But no ſuch right line can be drawn between AE and the arc AH. (133) 


135- Coror, II. Hence the angle EAaH, between the tangent EA 
and arc AH, is leſs than any right lined. acute angle. 


136. Coror. III. Hence it follows, that at the point of contact, the 
arc has the ſame direction as the tangent, and is at right angles to the 
radius drawn to that point. 


137. THEOREM XXII. 


If tuo right lines (As, CD) interſef? any how (in 
E) within à circle, their inclination (AFD, or CEB) 
1s meaſured by half the ſum of the intercepted arcs 
(ap, C8), e 


\ "Ta" 


Dem, For drawing DB ; YES © | | (43) 


The ZAED=LEDB+ 4AEBD., _ We "= 196) 
But the EDB is meaſured by F arc cB. | {88} 
And the / £BD is meaſured by + arc Ann. +. (a6) 


Conſequently the £ AED is meaſured by half the are c together with 
balf the arc ap. ated _ (50) 


8. "SECTION 
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I. 
Of Proportion. oy 


DeriniTIONs and PrINCtPLESs. | 
38. One quantity A, is ſaid to be meaſured or divided by another quantity 
B, when A contains B ſime number of times, exattty. 
Thus if a=20, and B55; then A contains B four times. 
A is called a multiple of B; and is faid to be part of A. 


129. If @ quantity A (=20) contains another B (=5) as many times as 
a grantity C (=24) contains another D (S); then | 
a and c, are called like multiples of B and D. 
B and D, are called like parts of A and C: And 
A is ſaid to have the ſame relation to B, as C has to D, | 
Or, like multiples of quantities are produced, by taking their Rectan- 
ole, or Product, by the ſame quantity, or by equal quantities. 
The Rectangle or Product of quantities (a and g) is expreſſed by 
writing this mark x between them. Thus, a x8, or B x A, expreſſes 
tic rectangle contained by a and B. 


140. When two quantities of a like kind are compared together, the relation 
which one of them has to the ather, in reſpect to quantity, is called Ratio. 

The firſt term of a ratio, or the quantity compared, is called the 
Antecedent ; and the ſecond term, or the quantity compared to, is called 
the Conſequent. ä | 

A ratio is uſually denoted by ſetting the antecedent above the conſe- 
quent with a line drawn between them. ; weng 


Thus g, ſignifies, and is thus to be read, the ratio of A to 3. 
The multiple of a ratio -, is the product of each of its terms by the Gina 
1. Ax c. 3 : 
quantity, or by equal qantities, Thus ——isthe ratio — taken c times, 


The product of two, or more ratios, Sw I expreſſed by taking. the 
jo # BD CARL 


product of the antecedents ſor a new antecedent, and the product of the 


1 |; A X C A 2E 1 
conſequents for a new conſequent. Thus == X—e bs 
BXD B D 


141. Equal ratios are theſe where the antecedents are like multiples cr parts 
heir reſpective conſequent. TS | y 
Thus in the quantities A, B, e, D: Or 20, 5, 24, 6. | 
In the ratio of A to B, or of 20 to 5, the antecedent is a multiple of 
its conſequent four times. | 45 _. 
and in the ratio of C to p, or 24 to 6, the antecedent is a multiple 


- 


” 


its conſequent four Ames. | 1 
het is, the ratio of A to B is the ſame as the ratio of c to p. 


. . . 2 5 3 A 
ad this equality of ratios is thus expreſſed, 2 * 
5 5 | - 1 5 


S1O 


142. Rat 


. 


ity 


4 14 


Book IT. GEOMETRY. 69 


142. Ratio of equality is, when the antecedent it equal to the conſequent, 
Thus when A=B, then -, or © or —, is a ratio of equality, 


143. Feur quantities. are ſaid to be proportional, which, when compared 
together by ttuo and two, are found to have equal ratios. - | 
Thus, let the quantities to be compared be a, B, c, D: Or 20, 5, 24, 6. 
Now in the ratio of A to B, or of 20 to 5; A contains B four times. 
And in the ratio of c to o, or of 24 to 6; c contains p four times. 


Then the ratios of & to h;, and of c to v, ate equal: Or === (141) 


And their proportionality is thus expreſſed, A: B:: C: b. (75) 

Alſo in the ratio of. a to c, or of 20 to 24; c contains A, once and 3. 

And in the ratio of B to D, or of 5 to 6; D contains B, once and 3. 
ITCH, 


Where the ratios are likewiſe equal, viz. - == 


And theſe are alſo proportional, A:C::B:D. 


144: Ss that when four quantities of the ſame kind are proportional, the 
ratio between the firſi and ſecond, is equal to the ratio between the third and 
fourth; and this proportionality is called Dire. 


145. Alſo the ratio between the firſt and third, is equal tn the ratio bi- 
tween the ſecond and fourth; and this proportionality is called Alternate. 


146. Similar, or like, right lined figures, are thoſe which are equiangular, 
(that is, the ſeveral angles of which are equal one to the other ;) and aiſe, 
the fides about the equal angles proportional, 


F | A D 
Thus if the figures ac and Ed are equiangular, | | 
And AB: Ber: BF FFG; Or Bc: CD: : FG:GH; 
Then are thoſe figures called fimilar, or like figures. | 
And the like in triangles, or other figures. [| 
; 7 um 3711. 4 og 36 4 * 14 ' r : = 

147. Like arcs, chords, or tangents, in different circles, are thoſe which 
ſubtend, or are oppoſite to, equal angles at the center. as 
Let F be the center of two concentrie arcs AE, © B / D 
aeb, terminated by the radii Faa, FuE, produted 3 XN * 
AB, ab, their chords, and: cp, 4d, their tangents. © 
Then as the angle cD is meaſured either by the 
arc AEB, or geb, thoſe ares are ſaill to be alike, 
or ſimilar; that is, the are aeb is the ſame part 


of its whole circumference, as the-arc az# is of 
its whole ciccumſerence, : 


F 3 148. THEO 
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138. T HE OR E M XXIV. \3 21h 
. Jpamtities, and their like pin, have the ſame ratio. 


That is, the ratio of A to B, is equal to the ratio of twice A to twice eB, 


A 2 SKA 
or thrice A to thrice B, Sc. Or thus n Sc. 
B 2B 


1 Cx? 
that 1s, .equal.to the ratip of c times A to C times 8. ALE | 


Dem. For the ratio of a to B, mult either be equal to the ratio of like 
multiples of a and B, or to the ratio of unlike multiples of them. 

Now ſuppoſe the ratio of A to B is equal to the ratio of their unlike 
CN A 


DXB 
Then W (143). And A: XA: 28: DP&K&B. 1107 


5 
multiples, c times A, p. times B ; that is, — == 


heref 

Therefore —= — (144). Where the conſequents 3 are w__ 

GOL of their antecedents, by ſuppoſition” 1 
5 — "RN | : N | 

But x is not equal to Fel | (40 


Then A:; X AB: D is not true. Allo A: B:: XA: DXB is 
not true. 5 9 2 { . 


5 1 my 
« \ * . is * p 


c * A ce | 
Conſequently = is unequal to d 8 's 
DX 


Therefore e ratio of unlike multiples of two quantities, is not equal to 
the ratio of thoſe quantities. | ert 
Conſequently the ratio of 1 quantities, 7 and the ratio of their like mul- 
CXA . 9% n 1 | 
cn oy oy 

149. Cos ol. I. In any oF if both terms contain the ſame —— 
or quantities; the value of the ratio will m7 be altered by omitting, or 


tiples, are the ſame. Or. 5 >= 


CXA 
taking away thoſe quantities, For - = ==3 by taking away ce. 


* 


150. Cox, II. Quantities, and their like parts; have er tote | 
For A and B are like parts of e x A and c . 


151. Cor. III. Quantities and their like multiples, ot like parts, a 
proportional. For A: R:: X A: N B. AndCXA:CXB:;A:B (148 


152. Cor. IV. If quantities are equal, their like multiples, or like 


A. CXA 3 | 
parts, are allo equal. For if A=8; and ==——; * PIs 
B c * J 


Then are the antecedents and- confocmemts. i in a ratio of 8 Phy © 


153. Cok. V. If the parts of one quantity, are proportional to the parts 
of another quantity, they are like parts of their reſpective quantities. 
For only like parts are proportional to their wWholes. 251 


154. Cok. VI. Ratſds, which are equal to the ſame ratio, are equał to 


RX 22 Sc. 8 
one another. Dl Rn pep | (148) 


| * * 
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155. Cox. vIl. Proportions, which are the ſame to the ſame propor- 


tion, are the ſame to one another. 
If A: B:: c: Breed A} B::E;F; Then c: D:: ER r. 


For == =3 and == - - (1440 Then == = | mn 
156. Cog, VIII. 1 two ratios or products are equal, their like multiples, 
either by the ſame or by equal quantities, or by equal ur are alſo equal. 


C AXE CXE 
That is, if 2 ==: Then 


BNE DME «4 


And if Er: Then . 75 . 5 
BNE DXF 
And if ==: Then 1 C45 2 | W 
un W] ] ä—‚ ON nn 
For in cirber caſe, the ratios may, be conſidered as quantitics 
157. - THEOREM. XXV. <5 


Equal quantities (A and n) have the ſame ratio or proportion to another 
quantity (). And any quantity has the ſame ratio to equal quantities. 


That is, if AgB: Then a:c::B:c. Andc:A::Cc:B. 


Dem. Since A=8R; then c is the like multiple, or part of 2, as it is of A. 


And A: B:: C: 0 (151). Therefore A: C:: B: c. (. 145). 
Alſo o: :: A: 5B (151). Therefore : A:: c:3. +> "Cas 


158. Conor. I. Hence, when the antecedents are weak the conſe- 
quents are equal; and the contrary, FEI Ef IM 


159. Cor. II. Quantities are equal, which have the ſame ratio to 
another quantity; or to like multiples or parts of auother quantity. 
Thus, if A: C:: 3: c Then AgB. | 


160. Cor. III. Since A2: B: cy ande: A:: c: 3. „ Tbereſthe, 
when four quantities are in proportion, As antecedent is to conſequent, 
jo is antecedent to conſequent: "Then ſhall the firſt conſequent be to 
its antecedent, as the ſecond conſequent to its antecedent :: and this i is 
called the inverſion of ratios, 


6 _ THEOREM xxvi 
In tos, or more, ſets of prop or gienal quantities, the rectangles under the like 


germs are proportional. 


. CER 


That is, if A: B:: h; andE:F::G:H. ad . 
Then AXE: BXF: Nd: n. * 511 
A E & 
Deu. Since ===; and 2 1 (144) 
B H ; R 2 my * x Th 
: eo * . 
Therefore = 5 ff -—" 56) 
B XF i * H F — 10 7. 
Conſequently AXE BAF!:CXG:DXH. 4 oh 
F £444 F 4 162. THEO. 


1 
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162. THEOREM XXVII. | er 

In four proportional quantities A: B:: c; D. Then the Reflangle or 
Product of the two extremes, is equal to the Rectangle or Product of the tus 
means, That is, AXD=B XC. | ou, 4 ALY 


Dem. Since A:B::C:D by ſuppoſition, Therefore 7 x 


And === (156). Alſo<=<==. 
B BXD D DXB 


Therefore 2 = <= 
BXD DXB 
Conſequently Ax DS RB. | (158) 
163. Hence, if the Rectangle or Product of two quantities is equal 
to the Rectangle or Product of other two quantities; thoſe four quan- 
tities are proportional, 
Thus, ſuppoſe the two Rectangles, X, Z, are equal; 
Where A, c, are their lengths, and B, p, their breadchs. 


(46), where the conſequents are equal. 


A 
; By e bag | 
Then Ax BSH xD byduppoſition, hs 
Therefore A: C: :D: B. . 41 
That is, As the length of X is to the length of Z. * 
So the breadth of E is to the breadth of X. - 
D 


In ſuch caſes, the lengths are ſaid to be to one another reciprocally, as 
their breadths. 3:4 | | | | 
Or that proportion A: C:: P: B is reciprocal, when A BSH xD. 


164. THEOREM XXVI1n. 


If ſeur quantities are proportional; then will either of the extremes,. and 
the ratio of the produtt of the means 1a the other extreme, be in a ratio of 
equality : And cither mean, and the ratio of the product of the exiremgs, to ths 
ether nean, will be alſo in a ratio eguali x. f | 


TC BX ob 
That is, if A:B::c:n. Then A=—, And . 


Dru Since A: B:: c: o by ſuppoſition. | 
Therefore AXD=B XC. | (162) 


And Alſo - — (157) 
(40) 
(46) 


165. THE O- 
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165. THEOREM XXIX. 


In any plane triangle (Anc) any two adjvining | 
fides (AB, Ac) are cut proportionally by @ line (DE 3 
drawn porallel to the ather fide (BC), vi. 

AD: DB:; AE: EC. 


i 
Dem. Through B and c draw Bb, ca at right an- 
gles to Bc, mveting ba, drawn through a, parallel f 2 0 
to Bc : Through p, 9, the middles of ab, Aa, draw 50 25 1 Parkidel to 
nh or ca, meeting AB, AC, in the points d, c; and join dci 
Now the triangles Ap, Bap, and cg, 2e Congruous (95-100) 
Therefore Ad Bd, Arg cc, pdzzpd, N. ol 
But pp=qq (116): Therefore Madge, (49) 
And dc is parallel to Bc. : 4 (16) 
In the ſame dale it may be rn bat lines 2 to 15 drawn 
through the middles of Ap, ph: ag; gas will allo biſect Ad, Bd; ac 
cc; and that lines joining theſe points of biſection will alſo be parallel 
toBc: And the ſame may be proved at any other biſections of the ſeg- 
ments of the lines aB, Ac: Alſothe like may be pr... $70 at 1 
other diviſions bf the lines Ab, Ad. | 
Therefore lines parallel to Bc, cut off like parts ſrats the — AB, Ac. 


Then AB: Ac: ; AD: AE. And aBt AC: zn: S8. 851) 
Therefore AD: AE: : BD: cx. _ (155) 
And by Alternation AD; BD'; AE: CB, / * g (145) 


166. Coro, Hence, when the ſides (an, ac) of a 00 are cut 
proportionally (in p, E) the ſegments (Ap, AE; DB, Ec) of thoſe ſides 
are proportional to the ſides: And the line Fun drawn to thoſe GIS, 
is * to the other ſide (BC). 


167. THEOREM XXX. 8 


In eguiangular triangles (anc, abs), the ſides alone 89.88 
the equal angles are proportional; and the ſides oppoſite t . | 
equal angles are alſo proportional: | D 


* 
* 


Dem. In ca, cx, take cpgca, ck gc; and F 
draw DE, 
Then the triangles cDx, cab, being congruous. (99) 1 
The ZcDbES (CA) ZA. Therefore DE is parallel to As. (05) 
In the ſame manner, taking AF ac, 40 gab; alſo BH le, 
I ba; and drawing FG, HI, the triangles AGF, 1BH, abc, are con- 
gruous ; therefore FG is parallel to CB, 1 HI is 3 ca. 
Then (cp g) ta: ca:: (cg) cb: cs. —.— 581 
(Arg) ca: A.:: (AG=)Yab:'AB. (109) 
(IH) be: BC 1 (81 ) ab: AB. | 


168. Coror. Hence, Triangles having one angle i in ah equal, and 
the ſides about thoſe equal angles proportional, thoſe triangles are equi- 
angular and ſimilar. 


{ 11 | 169. T HE O- 
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169, THEOREM XXXI. 


In a right angled triangle (anc), if a line (By) 
be drawn from the right angle (B) perpendicular to 
the oppoſite fide. (Ac ;) then will the triangles (ABD, 
BCD) on each fide the perpendicular be ſi ſmilar to the 
whole (ABC), and to one another. 


Dem. For in the triangles:anc, ADB, the A is common z 

And therright angle ABC=right angle ADB. 

I herefore the remaining /C=/ ABD. (98) 
In the ſame manner it will appear, that the triangles ABC, BDC, are like. 
'F herefore the triangles ABD, BCD, are alſo ſimilar, x | 


170. Coror. I. Hence, Ac: AB:: 4 5 ] 
| „Ac: BC : (167) 
| | : DB ::-DB . 

171. Cor. II. Hence a right line (BD) drawn from a circumference 
of a circle perpendicular to the diameter (AC) is a mean PR 
between the ſegments (Ap, Dc) of the diameter. 

And AD KDC =D. (162) 
For a circle the diameter of arhich i is Ac, will ps Grongh A, By c. (1 31) 


Scholium. This corollary includes what is uſually called one of the 
chief properties of the circle, namely, 
The Square of the Ordinate is equal to to the reflangle under the two 
Ai as, 
ere, the badi is the perpendicular .2D ; and the two Able 
are the two ſegments AD, DC, of the diameter AC, | 


172. ,\ THEOREM" XXXIL 


In a circle, if twachoras (AB, CD) inter ſet each 
ether (in E), either within the circle, er without by 
prolenging them; then the Rectangle under the ſegments, 
terminated by the circumference and their intei ſecbion, 
wil! be equal. 


—— 


That is, AEX EB=CEX ED: 

DRM. Draw the lines BC, DA. + 

Then the-triangtes DEA, Bc, are "34. 7 

For the anꝑle at E is equal (93), or common. 

And the /D=£ 8, as ſtanding on the ſame arc 
Ac (129). Then the other angles are equal. 
Therefore AE : CE 2; ED: EB. 

Conſequently AE X EBZCE X ED. 
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e FAS: + ome IOC 
If with the leaft ſiag AB of g given triangle ABC, a ſemicircle be deſcribed 
from the angular point A; meeting. the fide Ac, produced, in the points p, E; 
and from B, the lines EY; BD; -be drawn, and alſo BG perpendicular t DE : 
Then the valuts of the Jexeral lines AG, CG, GE, GD, BE, BD, B30, may 


be expreſſed in terms of the Hees of the triangle ABC, as fh Mt. on 


dt 


+ CT + cas AY 7 * : 
7 - 4 dy * i —- 4 2K Vi * 10 4 
| * 


* — 7. 


* 22 2 
5 1 
- 
. Lis * 
D A. <- 08 
: | Oy de: 1535 — 
74. 240 1 T 
— — 1 | - ce 
AC* + aB* —BC* - 
) Or A8 mY . (121) 
) 2AC — — 
' | * 8 , * % 
e AC —AB* + BC* S raw] 
175 cam 5 For ch Ac A, or to AC -A. 


TD — — 
And actac=ac+= — 0474) 
c 7 2 


Bf. * 3 5 : 1225120T 
- 2aC* + T*— FT '“ 1 ) 
5 en 49/ * . ö 
2B n= avi} at x == 4 
176, 0 — Here 24=AC+ AB + BC. 


- — % 7 
AI 
For SEE AB(AE) K AG A834 11 | & 
; ( ) 7 75 | BID = 2AC_ \ 5 74)... [201 1 
_2ACXAB+ACERBE=—BC® (149) 
2 ww 2. C i N d - 49 52 


3 „ 
But 2ACX ARA n (CCT SCE. (7) 1 201 
Fri NR pg of Seu 1 
ry" / CE 8c CEFBCXCE— 
Ihen RB 2 — — Ja 7 E 


5 750.499}, E 


| 
— CA+AR+BCXCA+AB—BC .. 
171718 61 $ I 7 2c . | | 
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Therefore BE = 2AB X.CE*—BC, = ml (176) 


* i 10 — 


2 . — ere 
179. 3D FG HAC X2H—2AC, 
For BD*=DE X GD. (170) 


„ — OD? . 
EI (177) 


TT 
Therefore 3D 2 —CD's Sed 


180. LI x/ H= KH N E=. — 
For f. OE x 6D. Therefore * X4/GD. (170). 
ander nN. (156) GD =— XHZAGXH-AB. (177) 


181. 3 Henee is derived the Rule uſually given ſor finding the 
area, or fuperficial content, of a Tciangle, the three Gdes being known. 

Rule. 1. From half the ſum of the three ſides, ſubtract each fide ſe- 
veraily, noting the three remainders. 

2d. Multiply the fai@ half ſum and the three noted remainders con- 
tinuall 

3d. The ſquare root of the praduct is the area of the Triangle. 
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182, THEOEM, XXXIV. 


If a regular polygon .(ABCDEF) be i cribed in => 
f 1 — parallel to theſe Jides if * to the _ // N 
circle be drawn, meeting one another (in the points {le 0 N 
a, b, c, d, e, 7; then ſhall the figure, formed by 


V 
theſe tangents, circumſcribe the circle, and be ſimilar * : 
to %, inſcribed figure. PE! N 27, 


Dem. Since the circle touches every ſide of the figure abedef, by con- 
ſtruction; therefore the circle is circumſcribed by that figure. (41) 


Through A and B, draw the radii sa, $B, prolonged till they meet the 
tangent ab, in a, b. | | | Gas.” | 
Then the triangles AsB, asb, are equiangular. | | 
For the L at $ is common; and the other angles are equal, becauſe AE 
and ab are parallel, by ſuppoſition, 8 | 1 
Alſo sa se For the triangles As, ash, are iſoſceles. (104) 
And the ſame may be proved of the other triangles; and alſo; that they 
are equal to one another. „ 
Therefore the figure abedef has equal fides, and is 'equiangular to the 
figure ABC DEF. a med | | 

Now: $A: 84:7 AB: 4b; and sA: Sa:: AF : of. (167) . 
Therefore AB: ab: : AF af. And the like of the other ſides. (155 
Conſequently the figures. ABCDEF, aledef, are ſimilar. (14 5, 


183. Conor. I. If two figures are.compoſed of like ſets of 'Gmilar 
tiangles, thoſe figures are ſimilar. | 


184. Cok. II. Hence, if from the angles (a, ö,] of a regular polygon 
circumſcribed Nia lines (28, Bs) be drawn to the center oy the 
chords (AB) of the intercepted arcs, will bg the ſides of a ſimilar polygon, 
inſcribed in the circle : and the fides (AB, ab) of the inſcribed and cir- 
cumſcribing polygons will be parallel, | 


185. Cor. III. The chords or tangents of like ares in different circles, 
are in the ſame proportion as the radii of thoſe circles. | 
For if a circle circumſcribe the polygon abcaef'; then the ſides of the 
polygons 'abedef, ABCDEF, are chords of like arcs in their reſpective 
cireumſcribing circles, F | 
And if a circle be inſcribed in the polygon a8cDEF, the fides as, ab, 


Sc. are tangents of like arcs alſo: And theſe have been ſhewn to be 
proportional to their radii 8A, sa. 


186. Cor, IV. The Perimeters of like polygons (or the ſum of their 


des) are to one another, as the radii of their inſcribed or circumſcribed 
circles. | 


For 8a : sa: : AB: ab. | (182) 
And AB, 4b, are like parts of the perimeters of their polygons, 
Therefore $A : $a : : perimeter ABCDEF : perimeter abcdef. « (151) 
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185, % THEOREM XXXV. 
If there be two regular and like polygons applied to 
the ſame circle, the one inſcribed and the other circum- 
ſcribed : Then will the circumference of that circle, and L. /| 
half the ſum of the perimeters of theſe polygons, approach 


nearer to equality, as the number of * in the polygons 
increaſe. 


EDI Ty 
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Dem. It is evident at ſight, that the circumſeribing hexagon oni 
18 leſs than the circumſcribing ſquare ABED. 


o — =; 
= > — 
= by 2 =” 


And alſo that the inſcribed hexagon gh is greater than the inſerid 
ed ſquare abed. 


And in both cafes, the difference baden the hexagon and | the einde, 
is leſs than the difference between the circle and the ſquare. 


Therefore-the polygon, whether inſcribed or circumſcribed, differs 
leſs from the circle, as the number of its ſides is increaſed. 


[4 
, 


And when the number of Gdes i in both is very great, the perimeters of 
the polygons will nearly coincide with the circumference of the circle; 


for then the difference of the polygonal perimeters becomes lo very ſmall, 
that they may be eſteemed as equal. 


And yet ſo long as there is any difference 1 tals * 
though ever ſo ſmall, the circle is greater than the inſcribed, and leſs 
than the circumſcribed” polygons : Therefore half theit ſums may be 
taken for the circumference of the circle, when the number of thoſe 
ſides is very great. 


188. Hence, the circumferences of circles are in proportion tg one 
another, as the radii of thoſe circles, or as their diameters, 


For the perimeters of the inſcribed Ky, circumſcribing 3 are 
to one another, as the radiiĩ of the circles. „531 (496) 


And theſe perimeters and circumſerences continually ee to 
equality. | 1} 
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In a circle (AFB), if lines (Ba, DA, FA) be drawn 
rom the extremities of two rqual arcs (WD, DF) to meet 
in that point (a) of the circumference determined by one 
of them (BA) paſſing through the center; then ſhall the 
middle line (AD) be a mean proportional between the ſum; 
(4B+AF) of the extreme lines, and the radius (BC) Fa 
of that circle, nn 6 


_— 
* 
* 


Dem. On p with the diſtance pA, cut AF produced in K. 

Then drawing DE, DF, DB, the triangles ADB, EDr, are congruous, (102) 
For (EFD = (FDA + 4 FAD (96)'=,) DBA (128). Becauſe the 
arc DFAZ=ZDF+FA. * E 

And LE= ZFaD (104) = 4 DAB, by conſtruction ; and DES DA. 
Therefore EF=ABz"and AEZAB+AF.  , © . 

Draw cp; then the triangles Ach, ADE, are ſimilar. 

For they are Iſoſceles and equiangular. E Coke. 
Therefore AC: AD:: AD: (Ak) AB + AF. $2 (167) 


190. Hence, when the radius of the circle is expreſſed by 1, aud one 
of the extreme lines, or chords, paſſes through the center; then if the 
number 2 be added to the other extreme chord, the ſquare root of that 
ſum will be equal to the length of the mean chord. 

For ſince AC: AD:: AD: AB+AF (189). Th. ADd*=AC KAT. (162) 
Now if AC=1, then AaB=2; And DAA; becauſe multi- 
plying by 1 is uſeleſs here. Therefore AD NF. 1 

As the arcs BD and DF a make a ſemicircle, they are called the ſupple · 

ments of one another: Therefore if the arc 8D is any part (as 3, 3, 1, Cc.) 


of the ſemicircumference ; then is the line DA called the ſuppiemental 


chord of that part. " 


191. REMARK. In the poſthumous works of the Marquis 4:  H»/pital, 
(page 319, Engliſh edition) this principle is applied to the doctrine. of 
angular ſeCtions ; that is, to the dividing of a given arc into any propoſed 
number of equal parts: Or the finding of the chord of any propoſed arc. 

For if BF was any aſſumed arc, the chord of which had a known ratio to 
the given fadius BC; then as BFA 1s a right angled triangle (130), the 
fide AF=V ap*—BE*(113)-willallo beknown., And by this Theorem, 
the mean chord Ap will be known; and alſo Ds (SVA) 
the chord of half the arc BF will alſo be known, 5 

And by biſecting the arc Ds in &, and drawing AG, GB, the mean 
chord AG is known (189); and 6B (=V 73B*=AG*) is alſo given. 

And in this manner, by a continual biſection, the chord of a very ſmall 
arc may be obtained; the practice of which is fagilitated by article (190), 
deduced from page 330 of the ſaid work, | | 


192. Ex- 
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192. EXAMPLE. Required the chord of the 443x 
part of the circumference of a circle the radius of 
which is 1. Or, required the ſide of a regular poly- 
gon 4 3072 ſides, inſcribed in a circle, the diameter 
of which is 2. | | 


A CC" 


Let Apr be a ſemicircle, the diameter AF=2, and center c. 
Take the arc Ap of the ſemicircumference, or equal to 60 degrees 
and draw DC, DA, DF. 1 


Let d repreſent the point where the arc is biſected; dF the ſupplemen- 
tal chord to that biſection: and let the marks d, 4, M, dir, &c. expreſy 
the biſeCted points agreeable to the number of biſections. 04 


193. Now ſince Z Ac g 60%. 
Therefore C CAD + 4 ADC=(180? —bo®*=) 1200. (98) 


But /.CAD=/_ADC (103); then /.caD= (g) bo?, 
Therefore DA =(DC=AC=) 1. 


And as the triangle Apr is right angled at p. __ "(t59) 


* 


Then pr =(Vir*—aD(13)=V4=1=)s 3=1,7320508075688773 


Therefore the ſupplemeutal chord of the arc 
AD, or of 


of the ſemicircumſerenceisFD =1,7320508075688773 
zof the ſame (190) isrd =v/2 =1,9318516525781366 
| Fd =1,9828897227476208 
Fd” =1,9957178464.772070 

F dv =1,9989291749527313 

Fa” =1,9997 322758191236 

dvi 4 =1,9999330678 348022 

d- u =1,99998 32668887013 

Fd" = \/2+rd% =1,9999958167 178004 

rd =4/2+ rd" =1,9999989541791767 


Now ra the ſupplemental chord of 74; being known, the chord 
AA of +; part of the ſemicircumference, or of 399 part of the whole 
circumterence, is alſo known. 5 oY 


That is Ad I -F = fo, oo204 5307 3606764 


194. Conſequently, the ſide of a regular polygon of 3072 ſides in- 
ſcribed in a circle whoſe diameter is 2, is 0,002045 307 3606764 


195. The 
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195. The fide of a ſimilar polygon circumſeribing' the E 
fame circle, the center of which is c, may. be thus A 
found. N SS >» 2 2 ; 


Let BE be the fide of the circumſcribed polygon 3 
and draw BC, EC, cutting 'the circle in D and 4. 

Draw DA, and it will be the ſide of the inſcribed 
polygon ; and is parallel to Bx. 484) 


1 11. ov: 


T7 


Draw ct biſecting the angle Bc, and it will biſcQ 28 and na at 
right angles (103). And DGH DAR) iAd®, eu, 
Then c g DGU NN. N n 03.36 Shim 
But t Ad g, 1022653680338. And its ſquare is 0,00000104.582055 
Which ſubtracted from 1 leaves 


1 leaves + | , $99999895417945 
N hoſe ſquare root, or CG, 18 equal to ©,99999947708959 
Now the triangles CB1, CDG, are ſimilar. 
Then c: CI;:2DG 1 281. 1 67, 151) 


De Net, „on. 4 | 16133 8 10 
Therefore (2B1=) BE =(==—(164)=)—; For 10 1. 


0,002045207 2606764 AE | 
E= | SO, oo2045 30843018905 
0,9999994 70895883 l 46 FLAP © 
which is the fide of a regular polygon of 3072 ſides circumſcribing a 


: s 
4 , 


circle the diameter of which is 2. 


196. ScHOLIUM. The fide of a regular polygon of 30 2 ſides, in» 
ſcribed in a circle, the diameter of which is 2, is 0,002045 07 3606764, 
(194). Which multiplied by 3072, will give the perimeter of that 
polygon, which is 6,2831842119979622. | 
The fide of a fimilar polygon, circumſcribing the ſame circle 


is x 0,0020453084 301895. (195) 
Which multiplied by 3072, will give for the perimeter of that po- 


lygon | 6,223187497 3420925- 
The ſum of theſe perimeters is 12,500 37 17093400647 · 
The half ſum is 6, 28318585, Sc. 


hich is very nearly equal to the cireumſerence of a circle the diameter 
of which is 2 (187), the difference between it 1109 - 


and the inſcribed polygon being only 0,090000164, c. 
and the circumſcribed polygon being only  c,o0000t 649 Oc. 


197. Now the circumſerences of circles being in the ſame propor- 
tion, as their diameters. | : (188) 


Therefore the giameter of a circle being t, 


Thecircumference will be 35141592, Sc. which agrees with 
the circumference as found by other methods. 
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GEOMETRY. 


SECTION. V. 
Of Planes and Solids. 


DrxziniTIOoNns and PRINCIPLES, | 


198. A line is faid to be in a plane, when it paſſes throngh two or 
more points in that plane; and the common feQion of two planes is 2 
line which is in both of them. N 


199. The inclination of two meeting planes A 
(Ar), (cD), is meaſured by an acute angle (GFR), 
made by two right lines (FG, FH, one in each 
plane, and both drawn!perpendicular tothe common 
ſection (DE), of theſe planes from (F) fome point 
in . F 


200. A right line (De) interſecting two ſides 
(Ac, BC) of a triangle (Age), ſo as to make angles 
(cDE, CED) within the figure, equal to the angles 
(cBA, CaB) at the baſe (AB), but with contrary A 
fides of the triangle,-is ſaid to be in a ſubcon- 
trary polition to the bale, 


201. If a circle in an oblique poſition be viewed, A 
it will appear of an oval form (as ABCD) ; that is, 
it will ſeem to be longer one way (as Ac) than 
another (as DB); nevertheleſs the radii (Ea, 
EB) are to be eſteemed as equal. And the ſame 
muſt be underſtood in viewing any regulay figure, 
when placed obliquely to the eye. 


202. If a line be fixed to any point (e) above 


the plane of a circle (ADBE), and this line while '/ / 
ſtretched be moved round the circle, ſo as always / SS 
1 
1 


fe 


| 
to touch it; then a ſolid which would fill the, EY . 
ſpace paſſed over by the line, between the circle 1 
and the point e, is called a Cox R. 


203. If the figure Ab R had been a polygon, and the ſtretched line 
had moved along its ſides, the figure which would then have been de- 
ſcribed, is called a PYRAMID. l 

So that Cones and Pyramids are ſolids which regularly taper from a 
circle, or polygon, to a point. | 

The circle or polygon is called the Baſe; and the point e the Fertex. 

When the vertex is perpendicularly over the middle or center of the 
baſe, then the ſolid is called a Riu r Cone, or a RIGHT PYRAMID; 
otherwiſe an QBLiQuB Cons, or OBLiQue PYRAMID. 


204. If a Cone or Pyramid be cut by a plane paſſing through the vertex 
e, and center ot the baſe , thc (cn Abe, er EDC is a triangle. 
F 189. 4 
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205. A right line (AB) is perpendicular to a plane 
(cp) when it makes right angles (ABE, ABF, ABO) 
with all the right lines (BE, BF, BG) drawn in that 
plane to touch the ſaid right line (AB), ; 


206. So that from the ſame point (8) in a plane, 
only one perpendicular can be drawn to that plane 
on the ſame ſide. 17 * 


207. A plane (An) is perpendicular to a plane (op), ©. 
when the right lines (EF, GH) drawn in one plane 
(As) at right angles to (FB), the common ſection of 
the two planes, are alſo at right angles to the other | 
plane (cp). D 


208. So that a line (Er) perpendicular to a plane (op) is in another 


plane (AB), and at right angles to (v) the common ſection of the ta 
planes. | 


209. THEOREM XVVII. 


IF two planes (AB, cp) cut each other, their a 
ſeckion (BD) will be @ right line. 


; A. 1 
Deu. For if it be not, draw a right line ps in the plane as, from the 
point p to the point B; alſo draw a right line or in the plane BC: 
Then two right lines DEE, DFB, have the ſame terms, and include x 
ſpace or ſigure, which is abſurd. 7 
Therefore DEB and DFB are not right lines: Neither can any other 
lines drawn from p to B, beſides Bo, be right lines. 


Conſequently the line DB, the common ſection of the planes, is a 
right line. | 


210. THEOREM XXVII. " "TY © 


If two planes (aB, cp), which are both perpendicu- 
lar to a third plane (EF), cut one another; their in- 
terrſeftion (HO) is at right angles to that third plane 


(er). 


Dru. For the common ſection of aB and c d ĩs a right line (on): (209} 
Alſo HB, HD, are the common ſections of as, CD, with the plane Ir. 
Now from the point ñ, a line KG dtrayn perpendicular to the plane 
EF, mult be at right angles to HBy HD. - | (205) 
But HG muſt be in both planes As, cp. (2c8) 
Therefore it muſt be in the common ſection of thoſe planes. 


Conſequently the ſection HG of the planes AB, CD, is at right angles 
fo the plane r. | | | 
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AY THEOREM XXXIX. 


The ſeftions (atbd) of a Cone or Pyramid (CAEBD), 
which are parallel io the baſe (AEBD), are ſimilar to 
that baſe. 


Dem. For let aFBc, DFEc, be ſedtions through 
the vertex c, and center F of the baſe. D c- 

Then theſe ſections will cut one another in the 
right line Fc (209), and the tranſverſe ſection abde 
in the right lines ab, and ed, interſecting in J. 

T hen are the following ſets of triangles fimilar ; 
namely, AFC, aſc; Bre, e; pe, dfC; Exc, 
efc. 

Wherefore FC: JjC:: FAY 
::FR:f6 | ana the like in any other ſections 
:: FD: fd 5 c and x. | (163) 
:: FR 2: fe A 
Now in the Cone, FASFB=FD=FE; therefore fa=fb=/@=fe. (152) 
So that all the right lines drawn from Fto the circumferenceot the figure 
adbe are equal to one another. 

Conſequently the figure adbe is a circle. 1 (00) 
And in the Pyramid, rc: fc :: De: de:: DB : db: : DA: da. 
| FC: ſe: : Ic: c:: A: :: EB: 
Therefore in each pair of correſponding triangles in the baſe and tranſ- 
yerſe, ſectẽon, the ſides are reſpeCtively proportional. \ | 
Conſequently, as the baſe and tranſverſe ſection are compoſed of like 
ſets of ſimilar triangles ; therefore they are alſo ſimilar. (183) 


A. 


1 


212. oon. 


Ife Cone (Af K), the boſe of which is a circle 
(cBLCK), be cut by a plane in a ſubcontrary poſition 7 
10 the baje, the ſeflion (DiER) will be à circle. 


>< 
| N 

Dru. Through the vertex a, and center of the baſe, let the triangular 
ſeicn ABC be taken, ſo as to be at right angles to the planes of the baſe 
BKCL, of the ſubcontrary ſection D1tH, and of the ſection F1GH taken 
88 to the bale and cutting the ſubcontrary ſection in the line 10H. 

erefore 10d is perpendicular to DE and FG (210) cutting one an- 
other in o. 
Now the ſection F1GH is acircle (211). Therefore Fo x 0G ol! (171) 
Again the triangles Go, Fop, are ſimilar. | 
For GEO g= ZE. bro LAB by conſtr. And Zo OEL DoF. (93) 
Therefore xo: o:: Fo: DO (167). And go x bo=Fo x 06 {162) ol. 
So that oi is a mean pibportional, either between ro and od; or Do and 
EO. But as the ſame would happen wherever ro cuts PE; therefore all 
the lines 01, both in the ſections F164 and Dt, are lines in a Circle. 
Conſcquently the ſeCtion DIEH is a circle. | 

| © 


213. 
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213. If che ſection cut both ſides of the cone not in à ſubcontrary 
poſition to Bc the diameter of the baſe, then the ſection (ſuppoſe it ſtill) 
DIEH, is called an ELLIPTIC SECTION, which though not a circle, 
will be a bounded curve, longer one way than the other ; and, like a 
circle, return into itſelf. 


The curve DIEH is called an Ellipſis. 


214. The line px, the TRANSVERSE DIAMETER or Axis. 
The line on or 01, is called an OR DIN ATE. | 


215. The ordinate through the middle of Dx, is called the Coxgu- 
GATE AX18. 


The interſection of the Tranſverſe and Conjugate Axes, is called the 
CENTER of the Ellipſis. 


216. If a circular arc be deſcribed, with a radius equal to half the 
Tranſverſe Axis, from one end of the conjugate Axis, its interſections 
with-the Tranſverſe Axis, are called Foci, one on each fide of the 
center of the Ellipſis. ATT TE 


217. Every right line paſſing through the center of the Ellipſis and 
terminated at each end by the curve, is called a DIAMETER. 


218. The radius that would deſcribe a circular arc of the ſame cur- 
vature with the ellipſis at any point of it, is called the Rapius or cux- 
VATURE. 


A TANGENT to any point in the Ellipſis, is a right line perpendicu- 
lar to the radius of curvature at that point, | 


' 


219. Two Diameters being ſo drawn, that one is parallel to a tan- 
gent, and the other paſſes through the point of contact ; thoſe two Dia- 
meters are ſaid to be CONJUGATE DIAMETERS; and have certain re- 
lat ions to their Ordinates, Tangents, Radii of curvature and other lines 
belonging to the Ellipſis. 


220. A third proportional to any two Conjugate Diameters, is called 
the PARAMETER, ; 


G3 0 
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e VI. 
Of the Spiral 


221. Suppoſe the radius of a circle jo revolve with an uniform motion round 
its center, and while it is ſo revoluing, let a point move along the radius; then 
will the ſucceſſive places of that point be in a curve, which is called a ſpiral, 


This will be readily conceived by imagining a fly to moye along the 
ſpoke of a wheel, while the wheel js turning round. 

If while the radius revolves once, the point has moved the length of 
the radius; then the ſpiral will have revolved but once round the center, 
or pole ; conſequently the motion in the circumference is to the motion 
in the radius, 2s the circumference is to the radius ; And if the wheel 
revolves twice, thrice, or in any proportion to the motion in the ra- 


dius ; then the ſpiral will make ſo many turns, or parts of a turn, round 
the center, ? 


222. Now ſuppoſe, whi'e the radius revolves equably, a point, from the 
circumference moves towards the center, with à motion 2 in a geome - 
tric progreſſion ; then will a ſpiral be generated, which is called a Proportional 
ſpiral. | 


Let the radius CA be divided in any continued 
decreaſing geometric progreſſion (yo), as of 10 to 
8; then the leries of terms will be 10; 8; 6,4; 
5,123 4,090; 3,2708; 2, 62144, Cc. Alſo let the 
circumfereueè be divided into any number of equal 
pirts, in the point 4, e, f, g. Cc. Then if the 
ſeveral diviſions of the radius Ca, be ſucceſſively 
transferred from the center c, cutting the other " | 
radii in the points D, E, r, G, Cc. and a curved line be evenly drawn 
through thoſe points, it will be a ſpiral of the kind propoſed. 

223. From the nature of a decreaſing geometric progreſſion, it is 2 
to conceive that the radius Ca may be continually divided; and althoug 
each ſueceſſive diviſion becomes ſhorter than the next preceding one, yet 
if ever [o great a number of diviſions, or terms, be taken, there will 

ſtill remain a finite magnitude. * 


224. Hence, it follows, that this ſpiral winds continually round 
the center, and does not tall into it till after an infinite number of re- 
volutions. "Ry 

Alfo, that the number of revolutions decreaſe, as the number of the 
equal parts, into which «he circumference is divided, increaſes. 
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225 THEOREM XII. 


Any proportional ſpiral cuts the intercepted radii at 
4 7 ua [ a ng l, e. a 


Dem. If the divifions Ad, de, 7. fe, &c. of the 
circumference were very ſmall, then would the ſe- 
veral radii be ſo cloſe to one another, that the in- 
tercepted parts AD, DE, EF, FG, &c. of the ſpiral 
might be taken as right lines. | A 
And the triangles Cap, cp, CEF, Cc. would be fimilar, having 
equal angles at the point c, and the ſides about thoſe angles proper 
tional. | l 
Therefore the angles at A, D, E, r, Cc. being equal, the ſpiral muſt 
neceſlarily cut the radii at equal angles. 


226, THEOREM XIII. 


If the radii of any proportional ſpiral be taken as numbers, then will the 
correſponding arcs of the circle, reckoned from their commencement, be as the 
logarithms of thoſe numbers. | 


DzM. As the lines CA, CD, ck, CF, CG, Cc. are a ſeries of terms in 
geometrie progreſſion ; and the arcs Ad, Ar, af, Ag, &c. are a ſeries 
of terms in arithmetic progreſſion; therefore theſe arcs may ſerve (I. 66) 
as the indices to the geometric terms, and be thus placed; 


Radii of the ſpiral CA, cb, CE, CF, co, &c, Geometric terms. 
Correſponding arcs o, Ad, Ae, af, Ag, c. Arithm. terms, or indices. 


In this diſpoſition, the firſt term CA is not diſtant from itſelf, therefore 
its index is repreſented by o. 
Then if the diſtance of the ſecond term cp from the firſt term ca be 
exprefſed by the arc ad; the diſtance of the third term CE, from Ca, will 
be expreſſed by the arc Az ; and fo of the reſt. 

Conſequently, if the terms in the geometric ſeries be repreſented by 
numbers, taken as parts of the radius, then the numbers of the ſame 
kind, expreſſing the meaſures of the arcs, or indices, will be as the lo» 
garithms of the geometric terms. . (1. 73) 


227. Coror. If the difference between c and cn was indefinitely 
(mall, or CA and cn were nearly in a ratio of equality; then might the 
number of proportional lines, into which ca could be divided, be ſo many, 
that any propoſed number might be found among the terms of this ieries ; 
and if the number of parts in the circumference was increaſed in like 
manner, then would every term of the proportional diviſion of the radius 
CA, have its correſponding index among the equal divifions of the cir- 
— ; and conſcquently would exhibit the logarithms of all 
numders. ; | 
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"8. -_ THEOREM XIII. 


Therg may be almoſt an infinite 
variety of proportional ſpirals, and 
as many different kinds of loga- 
rithms. 


Der. For with the ſame equal diviſions Ad, de, ef, Qt. of the circum- 
ference, every variation in the ratio of CA to CB, as of ca to cb, will 
produce a different ſpiral Am. 

And with the ſame diviſions of the radius CA, and different fets of 
equal parts Ad, de, of, &c. and Ap, pg, gr, &c. of the circumference, 
may be formed different ſpirals ADEF, AIK. 

Alſo, varying at the ſame time both the diviſions of the radius and 
circumference, different ſpirals will be produced. 

But the variations in theſe three caſes may be almoſt infinite: There: 
fore the number of ſuch ſpirals are almoſt infinite. 

Now it is evident, that there is a peculiar relation between the rays of 
any ſpiral, and the correſponding arcs of the circle; that is, between the 
terms of a geometric progreſſion and its indices : Therefore there: may 
be as many kinds of logarithms, as there are proportional {pix als. 


229. THEOREM XII. 


That pr eportional ſpiral which interſefts equidi/tant rays at an angle of 45 
degrees, produces logarithms that are of Nepier's ting. 


Dex. Suppoſe an, the difference between ca and cs, the firſt and 
ſecond terms of the geometric progreſſion, to be indefinitely ſmall, and 
take Ap, the logarithm of CB, equal to AB; then may the figure apap 
be taken as a ſquare, whoſe diagonal AH would be part of the ſpiral 
AHIK, and the angle BAH would be half a right one, or 45 degrees. 

"t hereſore that ſpiral which cuts its rays Ca, CH, Sc. at angles of 45 
degrees, has a kind of logarithms belonging to it, ſo related to their 
correſponding numbers, that the ſmalleſt variation between the firſt and 
ſecond numbers is equal to the logarithm of the ſecond number. 

But of this kind were the firſt logarithms made by Lord Neprer. 

Therefore the logarithms to the ſpiral which cuts its equidiſtant rays 
at an angle of 45 degrees, are of the Nepierian kind. 


END or BOOK I. 


E L E M E NTS 
1 GATIO N. 


BOOK Wk 
OF PLANE TRIGONOMETRY,. 
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SECTION :& 
Definitions and Principles. 


LANE TRIGONOMETRY is an art which ſhews how to 
' | find the meaſures of the ſides and angles of plane Triangles, 
lome of them being already known. 

t will be proper for the learner, before he reads the following Articles, 
to turn to the definitions relative to a circle and angle, contained in 
the Articles'8, 9, 10, it, 12, 13, 14, 15, 16, 17, 18, 19, and 36, 
of Book II. N 
2. A Triangle conſiſts of (ix parts; namely, three ſides and three 
angles. wy 

The ſides of plane triangles are denoted, or eſtimated by meaſures of 
length; ſuch as Feet, Yards, Fathoms, Furlongs, Miles, Leagues, &c. 
" The angles of triangles are eſtimated by circular meaſures, that is, by 
arcs containing Degrees, Minutes, Seconds, Sc. (II. 15); and for con- 
venience theſe cireular meaſures are reprefented by right lines, called 
right fines, tangents, ſecants, and verſed ſines. 
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3. The Rionr Sins of an are, is a right line drawn from one end 
of the arc perpendicular to a radius drawn to the other end: Or it 
balf the chord of the double of that arc. N 


Thus AH is the right line of the arc Ad; and alſo 
of the arc pA. 


4. The 'FANGENT of an arc, is a right tine 
concing one end of the arc, and continued till it D 
meets 2 right line drawn from the center through 
the other end of that arc. 

Thus or is the tangent of the arc GA. 


5. The SECANT of an arc, is a right line drawn through the center 
and one end of the arc, and mms till it meets the tangent drawi 
from the other end. 

1 hus er is the ſecant of che are 40. 


6. The VeRSED SINE of an arc, is that part of the radius inter. 
cepted between the arc and its right ſine. 
Thus o is the verſed fine of the are AG. 


7. The COMPLEMENT of an arc, is n that arc wants of 90 
degrees. : 


Thus if the arc 6B=909. Then api is called the complement of, AG 5 


and AG is the complement of AB, 
8. The SUPPLEMENT of an arc, is what that arc wants of ta 
degrees. 4 
Thus the arc ABD is the ſupplement of AG; and AG of ABD, 
9. The Co-s iN E of an arc, is the right line of the complement of that are. 
The Co-TANGENT of an arc, is the tangent of that arc's complement 
The Co-$ECANT of an arc, is the ſecant of i its complement. 


The Co-veRsED SINE of an arc, is the verſed ſine of its complement, 


Thus A1, BE, CE, BI, being reſpeQively the ſine, tangent, ſecant, 


and verſed fine of the arc AB, which is the complement of AG ; there» 


fore A1 is called the co-ſine, BE the nen cE the co-lecant, 1 
the co - verſed fine, of the ate AG. 

The right lines, called fines, tangents, ſecants, and verſed fines, 
are uſed as well for the meaſures of angles, as for the arcs which meaſure. 
theſe angles: And it is as common to ſay the * tangents We 00 an 
angle, as the fine, tangknt, &c, af an arc. 


10. The 
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10. The greateſt right ſine, is the fine of 900; and the ſines to arcs 
Jeſs than 90, ſerve equally for arcs as much greater than 90. 

Thus the ſines of 80 and 1009; of b and 1209; of 40% and 1409, 
Ec. are reſpectively equal. 


11. The ſame tangent and ſecant will ſerve to arcs eqaully diſtant 
from o degrees; that is, to any arc and its ſupplement. | 

Thus if the arc BAG=90?, and BK=BA; then the arcs on, Ga, 
DK, are equal ; and the arcs GAK and GN, or DK, are 2 
one another: Then the fine KM, the tangent GL, the ſecant CL, o 


the arc GBK, are reſpectively gqual to the fine An, the tangent GF, the 


ſecant CF of the ate GA, 


12. When an arc is greater than oo; the ſine, tangent, ſecant, of 
the ſupplement is to he uſed. | i 


13. The chord of an arc, is equal to twice the coſine of half the 
ſupplemental arc. 


Thus AN, the chord of the arc AGN,=2CI, the coſine of the arc AB, 
and AB is half of the arc ABK, the ſupplement of Ac. | 


14. The verſed fine and co- ſine together (uo +cH of any arc (AG), 
is equal to the radius. CH being the equal to Al. 


15. The fines, tangents, ſecants, or verſed fines of ſimilar arcs in 


different circles, are in the ſame proportion to one another, as the radii 
of thoſe circles. (IL 185) 


16, The angles of two triangles may be reſpeQively equal, although 
their ſides may be unequal. 


Therefore in a triangle among the things given, in order to find the 
reſt, one of them muſt be a fide. 
In Trigonometry, the three things given in a triangle muſt be either, 
1ſt Two ſides and an angle oppoſite to one of them. | 
2d. Two angles and a fide oppoſite to one of them, 
3d. Two ſides and the included angle. | 
4th. The three ſides, 


In either caſe, the other three things may be found by the help of a 
few Theorems, and a Triangular Canon, which is a table where is 
orderly inſerted every degree and minute in a quadrant or arc of ꝙo de- 
grees ; and againſt them, the meaſures of the lengths of their correſ- 
ponding fines, tangents, and ſecants, eſtimated in parts of the Radius, 
which 1s uſually ſuppoſed to be divided into a number of equal parts, as 
10, 100, 1000, 10000, 100000, Ne. 4 
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Tr 


Of the Triangular Canon. 


PROPOSITION. TI. 


17. To find the lengths of the Chords, Sines, Tangent,, and Secants 10 are 
of a circle of a given radius, 


| Ove rb. Through each end of the 
given radius CD, and at right angles to it 
(II. 60) draw the lines c, DG: On c wich the 
radius CD, deſcribe the quadrantal arc DA, and 
draw the chord DA. 

18, FoR THE CHorDs. Triſect the arc Ap 
(II. 61), and (by trials) triſect each part; then d 
the arc AD will be divided into 9 cqual parts : 
of 10 degrees each; if theſe arcs ate divided$ 
each into 10 equal parts, the quadrant will be = 
divided into 90 degrees: But, in this ſmall 
figure, the diviſions to every 10 degrees only 
are retained, as in (II. 83). : 

From Þ as a center, with the radius to each ,,|..... : 
diviſion, cut the right line DA; and it will : 
contain the chords of the ſeveral arcs into | : 
which the quadrantal arc Ap was divided. 

For the diſtances from p to the ſeveral di- 20 a 
viſions of the right line Da, are thus made Li 
reſpectively equal to the diſtances or chords) 
of the ſeveral arcs reckoned from p. 

19. FoR THE SINEs. Through each of the 
divit ons of the arc AD, draw right lines pa- 
rallel to the radius Ac; thele parallel lines will 
be the right ſines of their reſpective arcs, and 
CD will be divided into a line of fines, which 
are to be numbered from c to p, for the right |. 
fines; and from p to c for the verſed fines. & © 

For the diſtance from © to the ſeveral diviſions of the right li ling 
cb, are reſpectively equal to the fines of the ſeveral arcs beginning 
from A. 

20. FOR THE TANGENTS. A ruler on e, and the ſeveral diviſions of 
the arc Ap, will interſect the line DG ; and the diſtances from p to the 
ſeveral diviſions of DG, will be the lengths of the feveral tangents. 8 

21. Fox THE SECANTs. From the center c, with radii to the 
diviſions of the tangents DG, cut the line cr; and the diſtances from 
eto the ſeveral diviſions pf or, will bo the lengths of the ſecants to the 
teveral arcs. 

For theſe lengths are made re 8 equal to the ſecants reckoned 
ſto n c to the ſeveral diviſions of the tangent DG, l 

22. 


re 
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22. If the figure was ſo large, that the quadrantal are could contain 
every degree and minute of the quadrant, or 5400 equal parts then the 
chord, fine, tangent, and ſecant to each of them could be drawn. Now 
a ſcale of equal parts being conſtructed (II. 81), 1000 of which parts 
are equal to the radius o; then the lengths of the ſeveral ſigns, tangents 
and ſecants may be meaſured from that ſcale, and entered in a table 
called the triangular canon, or the table of fines, tangents, and ſecants, 

But as theſe meaſures cannot be taken with ſufficient accuracy to 
ſerve for the computations to which ſuch tables are applicable; therefore 
the ſeveral lengths have been calculated for a radius divided into amuch 
greater number of equal parts; as is ſhewn in the following articles. 


23. PROP. II. 


In any circle the chord of 60 degrees, is equal to the radius : and the «fie 
of 30 degrees, is equal to half the radius, ; 1 Und Jo cont ff Y 


DEu. Let the arc CB, or C A o degrees; agd' 5! 
draw the chord CB, ** 80! 
Now fince the radii AC and AB are equal; (II. ) 
Therefore (c LB. (II. 104) | 
And the C C +£ B:= (180. (E A =) 609=)" ="; 
1209. Moot en (II. 960 af vl 
J herefore Cc, or 4. B = (half 120%; or =) 669 Y | 
EA. f TEM done 591 2 711 {oe TT i 
Conſequently CB=AB= Ac. , N 4001714709 977 1957 19012 
From A, draw the radius Ax perpendicular to o. 
'Then AE biſeCts the arc Cs, and its chor. (.̃ I. 124) 
And cp ſine of (the arc c half of 669 =) 30% 51 1 (3) 
Conſequently cp is equal to half the radius ak. 
24. Hence, Twice the co. ſine of 60 degrees is equal to the radius. 3 
For 30» is the complement of 60, and twice the ſine of 309 is equal 
to the radius. { | I 


25. | PR OP. 253 or | 
p To find the fine of one minute of a degree. 


If is evident (II. 187), that the leſs the arc. is, the lels is the diſfe- 
rence between the arc and its ſine, or half chord; ſo that a very ſmall 
arc, ſuch as that of one minute, may be reckoned to differ from its ſine, 
by ſo ſmall a quantity, that they may he eſteemed as, equal i. and conſe» 
quently may be expreſſed by the ſame number of ſuch equal parts of 
which the radius is ſuppoſed to contain 1,00co00 Tc. which is readily 
found by the following proportion. Tone bf 

As the circumference of the Gircle in minutes, 21600. 

To the circumf.in equal parts of the radius (II. 196) 6, 283185 

So is the arc of one minute V 3 5 
To the correſponding parts of the radius ©». 0,0002008882 © 


do that for the ſine of one minute, may be taken 0,9002908852 


26. PROP. 
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26. PROP. IV. 


ia Þn a ſeries of ares in arithmetic progreſſion, the Fan of any one of them, 

den as a mean, and the ſum of the ſines of any other two, taken as egui- 
diftant extremes are ever in a conſtant ratio, of radius to twice the co-ſine of 
the common difference of thoſe arcs, ne 


DEM, For in a circumference, the 
center of which is c, and diameter AB, 
let there be taken a ſeries of arcs, ARB, 
ARD, ARE, ARF, ARG, ARH, Oc. 
the common difference of which is the 
arc BD. 

Then drawing the chords AB, AD, 
AE, AF, AG, AH, Cc. their halves will 
be the ſines of half the arcs ARB, ARD, 
De. 
Alſo half the arc BD, is the 3 of half the arcs art, 
ARD, ARE, c. (II. 159) 

And the chord AD is twice the co-ſine of half the ſupplemental. arc 
BD. I 

From the points , E, r, o, Cc. with the radii DA, EA, FA, 2a 
cut AE, AF, AG,'AH, Cc. produced in 1, k, L, u, Cc. draw 1D, kB, 
LF, MG, Oc. and BD, DE, EF, FG, GH, Oc. | 

Then by the firſt part of the demonſtration (II. 189), the following 
triangles are congruous, namely, 

ABD, IED; ADE, KFE; AEF, IO; AFG, MHG, Oc. 
Therefore IE=AB; KF=AD; LG=AE; MH=AF, Oe. 2 

Alſo the triangles 104, KEA, ITA, MGA, &c. being each of them 

iſoſceles, and their angles reſpectively equal, are ſimilar to Dc A. (II. 167) 


Therefore ca ; AD: : (Ap : (a1=) AB+AE::)4AD :ZAB AAk. 
: (AE: (Ax ADP TAT: ) JAE : ADT TAT. 
:: (Ar: (Al) AE+AG ::) TAT: TAE A240. 
; &c. 


c. | 
The halves being in the ſame ratio as the wholes, (II. 150} 
pen. 2 


27. Conſequently, in a feries of arcs in arithmetic progreſſion, ws. 
LARB, ZARD, ZARE, Cc, the common difference of which is half the 
arc BD, it will be, | (II. 164) 
As (Ac) Radius. | 
To (ad) twice the co- ſine of the common difference; ' 

So is the fine of either arc taken as a mean, | 

To the ſam of the ſines of two equidiſtant extremes. 


28. Hence; The ſine of either extreme, ſubtracted from the produtt of thi 


Ine of the mean by twice the ca=/ixe of the common difference, will give the 
ine of the other extreme, « OY PTY (11. 164) 


29. When 
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29. When the common difference of three arcs is 60 degrees; then 
twice the co- ſine of that difference is equal to the radius. (28) 
And with * 114 three arcs, as 30, * 1503 or 25, $5, 145; 

20, 80, 140, &c. it will be (27). 


As x + (2 col. bo): 26, 900 (8, 30%f8, 19% =) 55 30*+8, 300. 
: i -: ith (8, 25%+8, 145*®=) 5, 25*+8, 33% | 
1 s, 80 : (s, 20% 78s, 140 =) s, 20* +, 400. 2 
$35, 75 6, 186, 135%=) % 156. 45% | 
Ee. | E.. f j 


Here the firſt and ſecond terms in the proportions being equal, the 
third and fourth terms are alſo equal. & 

o. Hence, The ſine of an arc greater than 60 degrees, is equal to the fins 
of — arc as much gk 60 degrees, added to the 2 of its difference from 
bo degrees. 

Therefore the fines of arcs above 60 degrees, are readily obtained 
ſrom thoſe under 60 degrees. | 


zt. RO. 


The right fine of an arc being known, to gr its co- ine; and 
to find the tangent, ſecant, ver ſed ſme; ; and a Iſo the 8 
and co- ver ſed fine, 


Let AG be any are, and let AH be its ſine, Al its 
co-line ; GF the tangent, BE the co-tangent; CF mg 
ſecant, CE the co-ſecant z HG the verſed ſine, BI the, | 
co-verſed fine. 

Now if the fine AH be given, then the co-ſine ar or 
cu, will be known (II. 113): For ca- AH ck“. 

Therefore tht ſquare root of the * between the 
ſquares of the radius and 5 worll the cocſine. C. 


Then the e ſineno =cG—CH; and at CB—Cl. 
32. J And fince the triangles CHA, cor, CBE, are ſimilar, 
Therefore (II. 167) H: Hat: c: GF, the tangent. a 
f That is, An the —* to the fine, ſo ts radius fo the tangent, 
And ch: A: : co: CF, the ſecant. 
34- | That is, As the eee to the radius, ſo ts 4 . to uhu. 
And ci: A:: 88: c, the co- ſecant. | 
35 ; That is, At the fone to radius, fo is radius to the co-ſucan. 
Alſo cr: 1a :: cg: BE, the co-tangent. | 
36. That is, 4. the fine to the co-ſine, ſo is radins tothe c6-tongent. 
Or or: c:: that is, As tangent: rad : rad: co-tangent. 
37. Hence it is evident, that the tangent and co-angent of an arc of 45” 
are equal to one another, and to the radius, or fine of 90 degrees. 
And as the ſquare of radius is equal to the rectangle of any _— 
and its co-tangent, 
Therefore tan. x cot. tan. x cot. Therefore tan. : fan. :: ct. : cot. 
(IL 163) 
Or the tangents of different ares are reciprocally as their 3 


* 
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38. The principles by which the lengths of the ſines, tangents, ſe- 
cants, &c. may be conſtructed, being delivered, the following exam. 
ples are aunexcd to illuſttate this doctrine. 2 9a 


Required the cosſine of ont minute, 


The fine of 1 minute being 9 6,0002908882 (25) 
Its ſquare is 


| |  0,00000008461 
Which ſubtracted from the ſquare of radius i, 491594 
3 0,99999991 538406 
noſe, e 0,9999999577 is the 


co-line of 1 minute; or the fine of 89 50. | | | 
Now having the fine and coline of 1 minute, the other fines may. be 
found in the following manner. Lin bo, 


twice the coſ. 1 min. x fine of 4 m. =ſum of the ſines of of & 2%. 

twice the cof. 1 min. x ſine of 2 m. =ſum of the ſines of 1' & 2. 

twice the coſ. 1 min. x fine of 3 m. ſum of the fines of 2 & . 

twice the coſ. 1 min. x line of 4 m. =ſum of the fines of 3 & 5% 
. twice the coſ. 4 min. x ſine of 5 m. =ſum of the lines of 4 & G. 


Proceeding thus in a progreſſive order from each fine to its next, all the 
fines may be found. "BY 


But as twice the co-ſine of 1 minute, viz. | Multi-| 5. —_ 
1, 99999991 54 is concerned in each operation, pliers. Produdts. N 
therefore if a table be made of the products of Tl 99909091 54 
this number by the nine digits, as hereannexed, | 2 | 3 
the computations of the lines may be performed |; 3 5,9999990 45 
by addition only. ee 14 2 | 
For the producls by the digits in the given | '5 | 94949999577 
multiplier, being. taken from the table, and | 6 |11,999999492 
written in their proper order, will prevent the 5 3,9999994 
trouble of multiplication. | ; | 32995099300 
And even this operation may be very much A L220 


ſhortencd, by ſetting under the tight hand place et | 
(vz. ) of the double co · ſine of one minute, the unit place of the fine 
uſed as a multiplier, and reverſing, or placing in a, contrary order, all 
its other figures 3 then the right hand figure of each line arifing by the 
multiplication, is to be ſet under one another; and in theſe Ayes, the 
firſt figure to be ſet down, is what ariſes from the figure ſtanding over 
the preſent multiplying one; - obſerving to add .what would be, carried 
ſrom the places omitted. , . 8 0 
Now it the products of the figures in the multiplier, thus invefted, 
be taken from the above table of products; it is neceſſary to remark 
what number of places will ariſe from each digit uſed in the multiplier; 
then in the products of thoſe digits in the table, take only the like num- 
ber of places, obſerving, to add 1 to the right hand place, if the next o 
the omitted ſigures exceed 5. 


| Requird 
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Required the fine of two minutes. 


The fine of x min: placed in an inverted or- 1,9999999 154 | 
der under the double cof. of 1 min. as in the  2888092000,0 


margin ; the right hand figure 2 ſtands under 8 


the 9 in the 6th decimal place, therefore the oder 
firſt 6 decimal places of the product againſt 2 98 
in the table, are to be uſed; but x being added,. 1 
becauſe the 7th place 8, exceeds 5, makes the . \ 
E 4000000 : Alſo, for 9 the next ſigure ge L414) 
in the multipliet, ſtanding under the gth deci» __ ay 0 


mal place, take 17, 999900 from the table of *$,006c817764 * 217011 
products, and 1 being added to the 5th place, ' ui 
becauſe the 6th exceeds 5, make it 18, 000: 


In like manner, the product by 8, adding 1, is 16000 Ge. and the ſum 


"7 > 


of theſe products o, 00581 a e ſinè of 2 minutes, as required. 


This kind of operation will be very eaſily conoeived without farther! 


illuſtration, by comparing the proceſs in this and the following opera- 
Ho yen 


tions, with what has been already ade. 
' , 5 7 of? +» 7 | 163% £91 2rffy why 
| Required the finesbf 3 4, 5", and 6 minutes. © 
| For 3 win. | For 4 mio. For 5 min, |. For b in. 
1,9999999 1541.999999 $411,999999915 444 990999991544 
a677 185000,0| 5460278000,0[0255351100,0/5$044454100,0], 
p 1 oo 1400700 | 2000 $f 
|. | 20000 4oο 1200009], .. 
14000 12000 60000 4 
1400 1200] co 
| 1200 80 100 
n 10 40 10 
Q | Mo 61% 5H !- ita 192 ep 112, 
oe 16353 28/0,0017453290/0,002327 T0 0;002g088510Þ | 7 
2.0002908882/0,000; 817764 0,0008726645\0.001 r635526] ' 
. [2,0008726049/0,00116;5526[0,0014544407/0,001745 3254 


In each example, the ſine of an are Shich * 2 minutes leſs than that 

required, (28) is ſubtracted. En; | 314%, 4 22.4 
The fines. being made, the tangents, ſecants, {#c. ate to be con- 

ſtructed as before hen. (33. 34) 


30. There are many methods by which the triangular canon ma be 
made; but that which is here delivered was choſen as the moſt —— 
beſt adapted to this work, and what. would give the learner a ſuſſicient 
notion how theſe numbers are to be found: For at this time, there is no 
occaſion to conſtruCt new tables of ſines, and rarely to examine thoſe 
already extant; they having paſſed through the hands of a great many 
careful examiners, and for a long time have been received by the learned 
a3 a workiſulhcicntly correct. 


Theſe 


* 
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Theſe lines were firſt introduced into mathematical computations by 
Hipparchus and Menelaus, whoſe methods of performance were conttracted 
by Ptolemy, and afterwards perfected by Regiomontanus ; and ſince his 

= time Rheticus, Clavius, Petiſcus, and many other eminent men, have 
5 treated largely on this ſubject, and greatly exemplified the uſe of this 
triangular Canon, or Tables; which are now, by way of diſtindtion, 
called Tables of natural ſines, tangents, &c. But the greateſt improve 
ment ever made in this kind of mathematical learning, was by the Lord 
Nepier, Baron of Merchiſton in Scotland; who, being very fond of ſuch 
ſtudies, where calculations by the fines, tangents, &c. did frequently, 
occur, judged it would be of vaſt advantage if theſe long multiplica- 
tions and diviſions could be avoided z and this he effected by his happy 
invention of computing by certain numbers, conſidered as the indices of 
others (1. 63), which he called logarithms ; this was about the year 1614. 

The tables now chiefly uſed in Trigonometrical computations, are the 
logarithms of thoſe numbers which expreſs the lengths of the ſines, 
tangents, &c. and therefore to diſtinguiſh them from the natural ones, 
they are called Logarithmic fines, tangents, &c. (or by ſome artificiak 
ſines, Ec.) Only thoſe of the logarithmic fines and tangents are annexed 
to this treatiſe, becauſe the buſineſs of Navigation may be performed by 
them; neither are theſe tables carried to more than five places beſide 
the index, that being ſuſficiently exact for all nautical purpoſes: But 
it muſt de allowe@that, fot general le, = 0 are the moſt eſteem- 
ed, as conlift of moſt places. e WL gfe 


40. Theſe tables are at the end of Book IX. and are ſo diſcoſed, that 
each opening of the book contains eight degrees; four of which are num- 
bered at the top, and four at the bottom of the page; and thoſe at the 
top procged. from left to right, or ſorwards, ſrom © degrees to 45; and 
thoſe at the bottom, from right to leſt, or backwards, from. 45 to go de- 
grees: To each degree there are four columns, titled fines, co-ſines, 
tangents, co-tangents; and the minutes are in the marginal column of 
each page, ſigned with M ; thoſe om the leſt fide of the page belong to 
the degrees which are at the tap, and thoſe on the right hand fide, to 
the degrees which are at the bottom of the Page. | 


41. Af Ine, tangent, co-ſine, co-tangent, to a given number of ge- 

grees, is ſound as follows: M5} jon | 
For an arc lets than 45 degrees, | | 
Seck the degree at the top, and the minutes in the column ſigned wm at 

the top: againſt which, in the column ſigned at the top with the pro- 

oſed name, ſtands the fine, or tangent, &c. required. 

But when the arc is greater than 45 degrees, 22 

Seek the degrees at the bottom, the minutes in the em wich 1 at 

it e een and the ropes name at 15 nn | 


— 


EXAMPLE 


— 
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ExAMPLE I. Required the logarithmic fine of 28037. 


Find 28 deg. at the top of the page; and in the ſide column, marked 
with M at che top, find 37; againſt which, in the column figned at the 
top with the word line, ſtands 9,68029,, the log. fine of 28% 37, as te- 
quited. 55 | 7 


ExAMPLE II. Required the logarithmic tangent of 67 45". 


Find 67 deg. at the bottom of the page; and in the fide column, titled 
M at the bottom, find 45; then againſt this, in the column marked tan- 
gent at the bottom, ſtands 10,38816, which is the log. tangent required. 
42. But when a logarithmic fine or tangent is propoſed, to fiud the 
degrees and minutes belonging to it, then, * 
Seek in the table, among the proper columns, for the neareſt logarithn 
to the given one; and the correſponding degrees and minutes will 
found ; obſerving to reckon them from the top or bottom, according 
as the column 1s titled where the neareſt logarithm to the given one is 
found. | | ER 
43- It may ſometimes happen that a log. fine or log. tang. may be 
wanted to degrees, minutes, and parts of minutes; which may be thus 
found. | | 
Take the difference between the logs of the degrees and minutes 
next leſs, and thoſe next greater than the given number. 
Then for 4, take a quarter of this difference; for 3, take a third; 
for 2, take a half; for 4, take two thirds ; for , take three quarters, &c. 
Add the parts taken of this difference to the right hand figures of the 
log. belonging to the deg. and min. next leſs, and the ſum will be the 
log. to the deg. mia. and parts propoſed. 8 


ExameLs I. Required the log. | Ex AME II. Required the log. 


tang. to bo? 50 f. fine to 32915. 

Log. tag. 60® 5; is 10, 28538 [Log. fine 32 160 is 9472743 

Log. tang, 60 56 is 10, 25 506 Log. fine 32 15 is 9.72733 

The diff. is 29 The diff. is R- Ad 20 

Its half is an fer 
Add it to tan. 60% 56“ 10,25526 Add it to fine 329 15 9.72723 

Gives tan. 50 56? 10, 25820 [Gives fine 32 153 9.72738 


In moſt caſes che work may be done by inſpection. 


44. And if a given log. ſine or log. tangent falls between thoſe in the 
tables: then the degrees and minutes anſwering may be reckoned , or 
3, Or 2, Sc. minutes more than thoſe belonging to the neareſt leſs log. 
m the tables, according as its difference from the given one is 2, or 3, 
or 2, &c. of the difference between the logarithm next greater and next 


lels than the given log. 
. H 32 SECTION, 
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SECTION II. 


Of the Solution of Plane Triangles. 


45. PROBLEM I. 
In any plane triangle (arc), if among the chings given there be a lade 
and its oppoſite angle. to find the reſt. 


Then lays As a given ſide, (as) 
To the ſine of its oppoſite angle (c) 
So is another given fide, eee 


To the fine of its oppoſite angle. (8) 
Therefore, to find an angle, begin with a fide oppoſite to a known 


anole. 


Alſo, As the fine of a given angle, (B) 
To its oppoſite ide: (ac) 
So ts the fine of another given angle, (c) 
To its oppoſite ſide. | (as) 


Therefore, to find a ſide, begin wich an angle rote to a known 


Ke. 
Dem, Take Br=cr=radius of the tables. 


Draw pk, ak. TG, each perpendicular to Bc. (II. 500) 
Then pk and FG arethe fines of the angles g; and c. 


3 
Now the triangles BDE, BA, are fimil-r, and fo 
are the triangles CFG, CAN. | 
T herefore BD © DE:: BA: AH. (11: 167) Z 
And (er g) D: T:: A: Al. (II. 167) B E 
But (BD N AH=) DE XBAZFG XCA. | (II. 162) 
Therefore DE: CA:: FG: BA. Or, s, AB: AC:: 8,/C: BA. (II. 163) 
SCHOL. Or, by circumſeribing the triangle with a circle, it will 
readily appear, that the half of each fide is the fine of irs oppoſite angle, 
Aud halves have he n proportion ab, the wholes. 


76. PROBLEM II. 


In a right-angled plane triangle (apc), if the two ſides containing ie 
right angle (B) are known, to find the reſt. 


1 ben, Ai one of the known fides, © (as) 
To the radius of the tables (or 8 2 of 4 505 (Ap) 
So is the other known ſide, . (8c) 

To the e of its opprfite angle, (ve) 


Dem. Take 8 of the tables. | 

Then De, perpendicular to AD, is the . tangent of 

the angle A. (a) 

And the. triangles ADE, Anc, are ſimilar. 

Thereſore AB: 40: : BC: DE. + (II. 167} 
15 . 
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47. PROBLEM 1. 
In any two quantities, eheir half difference added to their half ſum, gives 
the greater. | i | 

he half diff. ſultracted from the half ſum, gives the leſs. 


And the half ſum taken from the greater, the remainder will be the half 
difference of thoſe quantities. 


Deu. Let AB be the greater, and ge the leſs, of two quantities. 
Take AD=BC; then BD is their difference: 

Biſect DB in E: then DE=EB, is the half diff. 

And ap+De=Bc+BE(lI. 47) therefore AE is the half ſum, 


Now AE + EB=aAB, is the greater. a 

And a8B—ED=(AD=)BC, is the leſs. > hs 
Alſo AB=AE =BE, is the half diff. 

48. PROBLEM IV. 


In any plane triangle (aBc); if the three things known, be-two cides 
(ac, CB) and their contained angle (e), to find the reſt. 


Find the ſum and difference of the given ſides. 
Take half the given angle from go degrees, and there remains half the ſum 
ef the unknown angles, Then ſay, 


As the ſum of the given ſides. AC+CB 
To the difference of thoſe ſides; AC—CB 
So is the tangent of half the ſum of the unknown angles, t. 421 
To the tangent of half the difference of thoſe angles. t. 5B -A 


Add the half difference of the angles to the half ſum, and it will give the 
greater angle=B. | 

Subtract the half difference of the angles from the half ſum, and it twill give 
the leſſer angle = A. 


Dem. On c, with the radius cs, deſcribe a circle, 3 
cutting Ac, produced, in E and D; draw EB, and 1 
BD; alſo draw DF parallel to EB. | T | 
Then axE=aAc+cs, is the ſum of the ſides. 

And AD=AC—CB, is the difference of the {ides. 
Now /.CDB=/Z.CBD. (II. 104) N 
And (cDB+cBD=)2CDB=4CBA+ZA. (II. 98 K TF 
1 $4CBA+ZAZLCDB, is half the ſum of the unknown 
ang Cs. : 

And BE (II. 123) is the tangent of cps, to the radius DB. (4) 
Allo (CBA—CcBD=)DBAZELCBA—ZZA. (47) 


Therefore CA ADRA, is half the difference of the unknown 


anples. 
(4) 


% 


And DF is the tangent of DBA, to the radius DB. "ed 
Now the triangles-AtB, ADF, are ſimilar, Dr being parallel to 8. 
Therefore AE: Ap : : BE : DF. . 167) 


Or ac+CB: AC—CB ::t, CAT ZA: t ZLCBAm EA. 
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49. EFROBLEM V. 


In a plane triangle (aBc), if the three ſides are known, and the an- 
gles required, | 


From the greateſi angle (8) ſuppoſe a line (BD) drawn perpendicular to #s 
oppoſite ſide, or baſe, dividing it into two ſegments (AD, DC), and the given 
triangle into two right angled triangles (ADB, CDB): Then ſay, 


As the baſe, or ſum of the ſegments, AC 

Is to the ſum of the other two ſides ; AB+BC 
So is the difference of thoſe ſides, AB—BC 
Ta the difference of the ſegments of the baſe. AD—DC 


Add half the difference of the ſegments to half the baſe, gives the greater 
ſegment (Ap). | (47) 


Sultrac half the difference of the ſegments from half the baſe, there remains 
the leſſer ſegment (Dc). (47) 


Then, in each of the triangles (ADB, CDB), there 1will be known two ſides, 
ond a right angle oppeſite to one of them; therefore the angles will be found by 


Problem J. (45) 


When two of the given ſides are equal; then a line drawn from the in- 
cluded angle, perpendicular to the other fide, biſects the fide. (II. 103) 


And the angles being found in one of the right angled triangles, will alfo 
give the angles of the other. 


Dem. of the foregoing proportion. 

In the triangle aBc, the line Bb, perpendicular to 
AC, divides AC into the ſegments Ap, Dc. 

On B with the radius Bc, deſcribe a circle cc, 
cutting AB, continued, in G, k; and AC in *; 
draw BF, 


Then Dc =DE. , (II. 103) 
Now ac (Ap pc) is the ſum of the ſegments. 

And Ar (=AD—FD) is the difference of the ſegments, 

Alſo AE (An Ach) is the ſum of the other ſides. 

And Ad (SAB gc) is the difference of thoſe ſides. 

But AC X AF=AE NAG. (II. 172) 
Therefore AC: AE :: AG : AF. (II. 163) 
Or AC : AaB+BEC :: AB-BC: Ab- De; Oo =AD—DF. 


50. PRO- 
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In any plane triangle (aBc), the three ſides being known, to find 
either of the angles. 


Put E and F for the fides including the angle ſought, 
G for the fide oppoſite to that angle. 
D for the difference between the ſides E and t. 
Find half the ſum of G and . 
And half the difference of d and b. 
Then write theſe four legarithms under one another, namely, £44 
The Arithmetical complement of the I:garithm of E; (I. 88.) 
The Arithmetical complement of the logarithm of r; | 
The lgarithm of the aforeſaid half ſum of G and Þ ; 
The logarithm of the aforeſaid half difference 7 G and d. 
Add them together, take half their ſum ;. which ſeek among the log. fines, 
And the degrees and minutes anſwering, being doubled, will give the meaſurs 
of the angle ſought | | | 
Dem. In the triangle A8c, let 4 be g = 
the angle ſought, Lp , 
Take Au = AB, draw BH; and 
through k, the middle of BH, draw 
AP, which biſects the angle A, and 
is perpendicular to BH, (II. 103) 
Through K draw KL, kd, paral- Mn 
tel, to Bc, Ac; which will biſect J. 
HC, BC, in L and 1; then KL ic, KI=LC. (II. 28, 163) 
And the difference between AC and AB is HC=D; then kI A5. 
From 1, with the radius Ik, deſcribe a Circle cutting Ar, BH, Kk O BC, 
in P, O, Q, M, N, and join cQ; now I IRI LE; therefore 
KQ=HC, and CQ=KH, as the triangles CQ1, KHL, are congruous, (II gg) 
Therefore cg parallel to K (II. 28) being produced, will meet Ap at 
right angles (II. 53), in the point r, by the reverſe of (II. 130). | 
Then ko, as the triangles K Q, Ok, are congruous. (II 95. 100) 
Now M= (B1+1M=*Bpc+3nc = 4G+4D: And BN = 3G-D. 
Alſo Bo=cp : For BK= (KHS) cQ, and Ko=PQ. 
Let ar =radius of the tables; then rn (parallel to 34) =fine of £4. 


(3) 
Then the triangles anr, AKB, APC, are ſimilar. 
And Ar: in: AB: Bk; alſo Ar: rn: : AC: (CP=)BO. (II. 167) 
Therefore ar* : rn* : © ACXAB : (BK X BO=) BMX BN. (II. 161, 172) 
Or (ſq. rad.=)R* : ſq. fine CA:: Ac K AB: 1 G+V0X3G—bs 
_EIGTD X2G—D 


— _—— * | . 
Therefore the ſquare of the fine 187 — 7 — KR“. (II 1640 
Therefore ſine CAS — 2 — | (I. | 115) 


And x, the radius of the tables, being 1. 


Eſa H 4 | * 
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Or Log « IA Log. EG+D + Log. 28-5 - Log. FE Log. F 


2 85 
Or Log 44 a= EEE 0 
Where L. ſtands for logarithm, and I. for Arith. comp. of the logarithm» 


51. Every poſſible caſe in plane Trigonometry may be readily ſolved 
by the preceding Problems, obſerving. the following Precepts. | 


I. Make a rough draught of the triangle, and put 
the letters A, B, C, at the angles. 


IT. Let ſuch parts of this triangle be marked, as 
repreſent the things which are given in the queſtion. 
Thus, mark a given ſide with a ſcratch acroſs it; 
and a given angle by a little crooked line; as in the 
figure; where the ſide AB, and the angles A and c, A C 
are marked as given. ö 

I:I. If two angles are known, the third is always known. 

For if one angle is go degrees. the other given angle (Which (II 97) 
will be acute) taken from go degrees, leaves the third angle. 

And if both the given angles are oblique ; their ſum taken from 180 
degrees, gives the other angle. | | (II. 96) 


IV. Compare the given things together, and determine to which 
Problem the queſtion propoſed belongs. 


V- Then according as the Problem directs, perform the preparatory 
work; and write down, under one another, in four lines, (or more if 
neceſſary), the literal Rating ; expreſſing each angle by a letter, or by 
three; each line by two letters; and the ſums, or diſterences, of lines, 
by proper marks, | 


VI. Againſt ſuch terms as are known, write their numeral value, ag 
given in the queſtion, or as found in the preparatory wotk; and againſt 
theſe numbers write their logarithms; thoſe for the lines being found 
(by 1. 81) in the table of the logarithms of numbers; and thoſe for the 
angles, found (by 41) in the table of Jogarithmic fines and tangents : 
Obſerving that an Arithmetico! complement (fee I. 88) is always ufed 
in the fiift term: And that when an angle is greater than go degrees, 
its ſupplement is uſed.” — 4 | | 


VII. Add theſe logarithms together, and ſeek the ſum (I. 81) in the 
log. numbers, when a line is wanted; of (42) in the log. fines or tan- 
gents, when an angle is wanted. Then the number or degree, anſwer- 
ing to that logarithm which is the neareſt to the faid ſum, will be the 
thing requited. 3 | 
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A SYNOPSIS, 


Of the Rules in Plane Trigonomatry. 


| | Given. 
All the 


angles and 
one ſide. 


—— Oy 


Lind an . 
| oppol. to 
| one hde. 


Two wo lides L 'he angle 


Required. | 


SOLUTION: . 


" Either 
of the 
jother ſides 


dince two angles are known, the third is kuown. 
And, As fin. of L opp. to fide given, is to that opp. fide ; 
So ſin. of another angle, to its opp. fide. 


oppol. to 
the other 


ziven fide 


As one given ide, i is to the fine of its opp, angle: | 
So is the other given fide, to the fide 575 its opp. angle. 
Then two angles being known, the third is kanu, | 
And the other ſide is found as before. | . | 


[Two | ides 
and the 
included 
right Z. 


— —ʒ— — 


Two ſides 
and the 
included 


Either 
of the 


as one of the given ſides, is s to the Radius 3 * 
So is the other given fide, to the tangent of its opp. 4 
Then two As being known, the third is known. ; 
The other fide is found by opp. fides and Cs. | 


The 3 ſum 25 {+ * diff. Cs, gives {greater £- 


Find the ſum and diff. of the given fides. 

Take + given C from 90? leaves ſum of the other s. 
Then, As ſum fades, i is to differ. of ſides ; 

So tan. 4 ſum other 28, to tan. L diff. thoſe 7s. | 


Find the other ſide by « opp. ſides and angles. 


Draw a line | perpend. to the greateſt tide, from the opp. , 
dividing that ſide into two parts. 
Then, As the longeſt ſide, is to ſum other two ſides; 

So is the diff. thoſe ſides, to the diff. parts of longeſt. 
Then 7 long. dey 2 + j 14if-pts.givesthe | fcger 1 part. 
Now the ſaid perp. cuts the triangle into 2 right Ed ones. 
In both, ace known the Hyp. a Leg. and the right Z. 
The angles are found by Problem 1. 


Having choſe which angle to find ; call the fides — 

that angle E and F. | 

The fide opp. that L, call G. 

Put p for the difference between E and y. 

Find the half ſum, and half diff, of q and o. 

Then write theſe four Logs. under one another ; 

„i. Ide Ar. Co. Log of E, The Ar. Co. Log. of r, 
2. The Log. of + ſum, And the Log. of + difference. 

Add the four logs. together, take half their ſum. 

Seek it among the log. fines; and the IANS deg. 


and min. doubled, is the angle fought. 


— 


_ 
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53 Exa MITE I. In the plane Triangle ABC, 
Given AB=195 Poles. 
B go? oo” 
LAR 47 55: 
Required the other parts. 


For THE LINEAR S6LUTION. 


1ſt. Draw AB equal to 195 poles, taken from a ſcale 
of equal paris. | A. 
2d. From B, draw Bc making with AB an angle of 909. 
3d. From A, draw ac, making with AB an 42 

meeting BC in the point c. | 
Then is the triangle arc ſuch, the parts of which correſpond with the 
things given; and the ſides Ca, Cs, being applied to the ſcale that a8 wat 
taken from, their meaſures will be found, viz. AC=291 ; and Bg 1b. 


2 


B 
(II. 8) 
of 47 55; and 


Fox THE NUMERAL SOLUTION, ox COMPUTATION. 


Since two angles are known; Therefore, From 90 oo 
| Take 47 55.2464 
Remains 42 05 = 4c 


Now in this triangle, there are known all the angles and one fide; 
therefore among the known things, there is a fide and its oppoſite 
angle; which belongs to the ſirſt problem. 

Then to find the fide ac, begin with the angle c oppoſite AB. 


Asthe fine of the C c, Or thus, As s, Cc 42 og” 0, 1737 Ar.Co, 
To the oppoſite fide an; To an=19; po. 2,29003 
So the fine of the Z n, 80 s, Cn oO oo 10,00000 
To the oppoſite fide ac. 


To ac=291t po. 2,46382 


And to find the fide Bc, begin with the angle c oppoſite AB. 
As the fine oſ the c, |} Or thus, As s, 4c=42® oz” , 17379 Ar. Co. 


To the oppoſite ſide as; To ar=195 po. 2,29003 
So the fine of the C a, So s, LA=47* 55” 9,87050 
To the oppoſite fide Be, 


To Bpc=216 po. 2,33432 


— —— — 


So that ac is 291 poles, and BC is 216 poles, 


The letters Ar. Co. ſtanding on the right of the firſt line, ſigniſy the 


arithmetical complement oi the log. fine of 429 05. (See I. 88) 
4 


t 57 


\r,Co, 


Ir. Co, 


iſy the 


I. 86 
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54 ExAMPLE II. In ihe plane Triangle ABC. | 
Given AB=117 miles, | | 1 
B= 134 40 
LA 22 37. 


oof 


Fox THE LINEAR Solution, ox CONSTRUCTION. 


Make aB=117 equal parts; at A make an angle 225 37” (II. 84); 
and at B make an angle of 134% 467; then the lines which make with 
AB thoſe angles, will meet in c, and form the triangle propoſed, -- - | 
And the meaſure of BC will be 117, and of ac 216. 


Required the other parts. 


By CoMPUTAT10N. | See art. 45. 


Since two angle are known, 1 | | 
Namely, LB 134 46' } Now from 180 oo” | And from 
2 Take 157 23 Take 


180 00” 
134 46 


Leaves c 22 37 | The ſupt. 4 B=45 14 


\ To find the fide ac. ; 
AI. 104) As s, c 223 0,41 503 Ar. Co. 
To aB=117 M. 2,06819 ; 
1995, 48=134%46"g,85125 ſop. 


Their ſum 2157 23 


Since the angle c=Z A 
Therefore BC=AB 


To ac=216 M. 2,33447 


\ 


55. ExAMPLE III. In the plane Triangle ABC. 
Given AB O8 yards. 


2182 35 8 | 
LA=58 07. 
Required the other parti. 
K b 
ConSTRUCTION, 


Make aB=408 yards, or equal parts; make the angle a=589 O; 
and the £B=229 37; then the lines forming theſe angles will meet 
in c; and the meaſure of ac is 159 yards, and of ge is 351. 


ComMPUuTATION. See art. 45. 


Two angles being known, viz. 2 a=589 07' | From 1809 00 
| 4222 32 | Take 80 44 


Their ſom 280 44 | Leaves 99 r = c. 


— — — 


To fird the fide Ac. | To find the fide nc. 
As s, Cc Ye 16“ o,00570Ar.Co.| As s. 4 c=999 16 o, cos 70 At. Co. 
To 4 2408 V. 2.61066 To aB=4c8Y. 2,61066 
80 , 4B=229 37 9, 58497 So s, LAS 58 o/! , 92897 
To ac=159 Y. 2,20133 To S 351 F. 2,54533 
In theſe operations the ſupplement of the angle c is uſed. (12) 
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56. Ex AMPLE IV. In the plane Triangle ABC. 0 
8 : Furlongs. 
AC=291 
£.B=90® of, 
Required the reſt. 
ConsSTRUCTION. | 
Make aB=195 equal parts; draw Bc, making an 


angle at B39 oo' From A with 291 equal parts 5 
cut BC in c, and draw Ac. | 
Then the CA meaſured on the ſcale of chords will be about 48 degree, 
and Z c about 420 : Alſo Bc, on the equal parts, meaſures about 216. 
ComPUTATION, LE 


Here being two ſides and an angle oppoſite to one of them, the ſolution 
falls under problem the firſt, See art. 45. 


To find the angle c. To find the fide nc. 
As ac=2q1F. 7,53611 Ar. Co. As s, Cn O oo 10,0000 
To s, £.B=90? oo 10,00000 ro ac=2zgt F. 2, 46389 
So 432195 F. 2, 29003 So s, CA g= 47% 55 9787050 
To s, c 42 057 9,82614 To nc 216 F. 2,33439 
F n = 1 
—_ Re ; Here the fine of go o0”- or ndius 
Taks . being the firſt term, its Arith, 
Toes 47 $5=La. Comp. being o, is not taken, 
57. ExAurrE V. In the plane Triangle ABC. . 
Given AC=216 y 
AB=117 J Yards 1 - 0 
e 1 
Required the reſt, \ wee Nas 
. A' * 92 7 
CoNSTRUCTION, 


Make Ac 216 yards; the .c=22® 37”; and draw CB: Then from 3, 
with 117 yards, cut CB in borin B; and either of the triangles ach or 
ACB vill anſwer the conditions propoſed : But the triangle to be uſed is, 
generally determined by ſome circumſtances in the queſtion it belongs u. 
- Thus if the angle oppoſite to Ac is to be obtuſe, the triangle is ABC, 


ComMPUTATION. 


The ſolution belongs to problem the firſt. See ar 


t. 45. 
To find the angle ; 


From 180 oo 


As aB=117Y. 7.93181 N 
To s, 4.c=229 37 9.38497 Take 157 a = Cen, 
89 AC=216Y. 2.33445 — 

—— | Leaves 22 37 LAs 
To 3, C3 2134246 9.85123 ä | | 
ret, —— And as the Arg E. e, 
C257 23 « Therefore Bc AB. (II. 104) 


If the angle required be obtuſe, ſubtract the deg. and min, corte ſpond- 
ing to the fourth log. from 1803 the remainder is the C. For the fourth 


log. gives the 44, which is the ſupplement to the angle B. (II. * go) 
385 e 
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8. EXAMPLE VI. In the plane Triangle + xc. 
Given Ac=408 | 6 
— . Fathoms. 70 þ >< 
£2.C= 22 2 


Required the ft,” 


CoNnSTRUCTION. A 


Make ac=408 fathoms ; the .c=22® 37';z and 2 cb; from. As 
with 159 fathoms, cut ch in 5, or in B, and draw ab „ | Wh 
Then if the angle oppoſite to AC is to be acute, the triangle Ach 12575 
(hich is required; but if the angle is to be odtuſt, XCB s the rriangle 
ſought. 

: .CompuTATI10N. See art. *; 

Here being a fide and its oppoſite angle known, the ſolution falls ander 
problem the firſt ; the 4B is to be ea bar A Fugue 21 5708 


7. find the angle B oftufr. 17 To find BC. en! 
4 482159 F. " 79860 To b Leon 22D * , 41 503 
Tos, Cc 229 377 9.58497 43 — 2, 20140 
8 Ac 408 F. 2610066 80 6 Landis a 1999078 
Tos, J. 22299 19 9799423 To BC=350,9 F. Fe 8 1 2;54517 
Le+ £3=121 3G e ant ok e 10 


Taken from 180 00 a : e 2 


' 
— — — 


'4 
* 


Leaves A= 58 N 


59. "EXAMPLE VII. Zr the plane T. aan ABC. 
Given a4B=195 


«yet 

BC=2106 E | 
£B=90® O e e 

Required th ret. W #27 


Fonerape dune 14 


Make the 1 aBc=go? ; — 272195 NY * ald 8 
and draw Ac; then WBC is che triangle propoſed ; where the * 278 re- 
quired may be meaſured by the proper ſcales. 


ComPuTATION, See art. 46. 

As two ſides and the contained right angle are N the ſolution be- 
longs to problem the ſecond. 

'C * the anpie As | To find AC. — f 
* ab 19f F. 7, 70997 As , A= 47 5“ 0960 
10 Rad, or tang, 45% 00” 10, 0 To Bc=216B:; 1 2,335 
do 1 216 F. 2.33445 $0 5, 4. 3=90® (oo! —- 10, ococo 
To tl a=479 56 42] To. cp tr | 8 2.45398 
Go co | 


Le=42 og | | 5 — 
60. Ex- 


50. Ex amPLE VIII. In the plans Triangle ABC, 62. 
Given AB=117 | | 
BC=117 F Yards. 0 
Ing 134% 46. e 
Required the ret. / 
ConsTRUCTION. lake 


Make the ARC 134% 46/; take BA and Bc each equal to 117 equal 
parts, from the ſame ſcale, and draw ac; then is the triangle Ang equa 
to that propoſed ; and the parts required, meaſured on their proper ſcale 
will give their values. | ds 


ComPpuTATION. See art. 48. 


Now as A and à dre equal; there- | To ibs AC 1: {ro 577 £65 
fore the angles a and c are alſo equal, As 8,4 a=229 37'. 0,41 0; 7 
Take 134 46=48. 80 3, 4B=134* 40% . e 
98983 — : f # | ö | : . — Now | 
Leaves 45 14 2A T4. [To ac=216Y, 2433446 Ard . 
4 . 2 | | | — ' 
The half 22 37=4a=4c. „i Det 4 
4 —— — . 7 . OE , 5 
61. "ExamMPLE IX. In the plane Triangle Ac. = 
. Given AB=408 21 Now 
' AC=159 [ Fards. — Ard t 
L.A=$8? 07. 

Required the reft. 3 , 2 There 
, : v# » | a { A 7 Kat A* FO 
LN ConsTRUCTIQN. ties ; 
ake an angle CAB = 58? 07”; take ac =159, 4B = 408, from tb 4; c 
ſame ſcale. of equal parts; and draw ch; then will the triangle ag vos, 
equal to that which was propoſed. - | N $9 Ct 
CoMPUTATION:.;., . 3 
Here, there being two ſides and their contained angle known, the ſolu * * 
ion belongs to art 48. e et in nn _— buar f Wh. t 

- 2 ; AB=408 © The halt of 580 07 2 * 

AC=159 | 1 29 03H which Leave 
a8 +AC=567=ſum of des. Taken flom 95 co 
St x1 NA une T ne. "IN 
aB—ac=249=diff, of ſides. | wo Leaves 60 $637=240+3 £h 2 

Do fad the angles s.. 17 find Ke, Ag 
As 'aB+Aac=g67: 7.24641 | As s, ergo 16” \0,0057 ay 
To . ar—ac=249 _ 4.39020 | To 4 geg V. 2, Gicht * 
So t. JZ C+ £ B=60® FEE (See 43) Wigger 80 8, 445807 07 9,9259 | 
Then (47) 99 16= N (II. 105) 3 | 
And 22 3722. 4 


The : 
20% Bs 


6, EXAMPLE X. In the plane Triangle ABC. 
Given AB=195, © 

BC=216 

AC=291 
Required the angles. 


CoNnSTRUCTIONs 

Make ca 291 equal parts ; ; from c, with 216, deſcribe an are B; from 
\ with 195 cut the arc Bin B; draw gc, BA, and the triangle is con- 
eructed; then the an yo may be meaſured by:the help of a ſeale of chords; 
"CoMPUTATION;*! „ 
The three ſides being given, the ſolution falls under Ather Problem v. 
or Problem VI. But that the uſe of theſe Problems may be ſufficiently 
iluſtrated, the ſolutions according to both of them are here annexed. 

Solution by Problem V. (49) 
From the angle B, draw BD perpendicular to CA, which will be divided 
into the ſegments CD, DA, the ſum of which Ac is known. _ 
Now BC 216 | To find the diff. of the ſagments, 


17 And AB=I = 88 \ As AC 291 — a 
{4b . 3 To BC+HAB=Zz4LHL ——— 2875 3 
"WW :c+az= 411=ſum of fides, So BC—AB= 21 — 1,2223 


„-A 21=diff, of the kides, To cb -A 265 — - 1,472 17 


—̃ä ſfO—— — 
x” - , 
f 
* 


New the half of 291 B 14535 15 
Ard the half of 29, 66 is 14,83 


— 2 Io 


1 Therefore (47) the ſum 160,33= c; or cD=160,33 
- the difference 130,67=aD ; ; or AD=170;7: . 
(hen in the triangle oo. Aud in the triangle ADB. * J. 
the ce 2216 7.66555 As aB | =19g 77099 
de T's, 4 con =909 00” — 10,00000\ To's, ADB YO 00. 10,00000 
do ed 2160, 3 — 2, 20493 S0 45 =130,7 2, 11628 
a - ' 21 4 22 — ——_— 
Io Tos, „Lend r LABD=42 Og' + 982625 
Vh. taken fromgo 09 Wh.taken ſromgo oo 5: 48 
9 — b — 
leres Ce =42 ... Leaves 4 5 5p Lhnge* 05 
Solution 17 Problem VL. (50) u ood k 
P Ti find the 1 c. | Then To Ar. Co. N=, . 2975 — rated 
-" Pu 8=201=ac: | Add Ar. Co. log. F. 2416 -7,66555 
| F=216=>pe+ + [And the log. 2G+D=13g6 » >= 23913033 
$70 — 5 1 Alſo the log. ' IG=D= Co >; 1,778 is 
"4 Db fg Ir — 
891 e Tue half of this ſum - 2)19414014 


—ͤ— 


, 
A 4 2— © © m— 


eli ir \bs the log. fine of 210 W 0 += = 9155507 
| 8 22 3 — — 
2, [120{60) =D Wbich doubled gives 420 14 


The gle C W n. known che other angles may be if de found 951 Prob. I. 
03: Ex- 


Fx 
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63. EX aMTE XI. In the plune Triangle ABC, 


Given AC=408 by 
"BC=351 woof 
' _ABZ159 £ 
. — _ mak, N 
( 
Cons TRUCTION. 


The conſtruction and menſuration is performed as in the laſt Exauere 


ComPUTATION BY PROB. V. art. 49. 


From the L draw the perpendicular BD ; and find the ſegment AD 
DC ; which may be done without logarithms. | 


Thus »6=351 I Then (I. 46), A. 408 : 510 : : 192 : - eo. Tt 
1 92469: For 192 x $10=97920 5 which divided by 408 gives 200. perto 
BC + an=510 Now half pf 408204 3 and half of 240 is 120. 
. and r =" 
In the triangle ADB. In the triangle BDC. 251 — (II. 1 
As AB =1 | 7.79860 As BC =350 745 right 
To s, CD SY o 10, b To s, C = gee": ! angle 
AD 84 109242880 pe S324 agi No 
Tos, .aBpD=31® 63 9,72288 NA . J oppol 
* | | _ 22h 911 : 
And ZA =58 97 And 4c _— 37 92 
Then CA erb ZAC 16 uf 882 ] 210151 — 
6 0s, 
ComPUTAT0N,8% PROB.. VI. art. 50. 80 
To find the ang  .. |. Then, to Ar. Co. log. 2 N 773895 
Put &=yo8=ac - 2 Ar. Co. W 3 Fg 1454908 Tos, 
S sie And the log. 98515 2155 
—_— „3 Allo the og. 16 -D= 51 n.. 
D=.47=E—F, The half of this ſum 2) 18.5050 
ee 2: enk 5. - Leave 
— Is the lag. fine of 11e 28/4 __ p3925 
2)216(1068={G+D + - | * 2 | Th 
Which doubled, is 22© 37 Ac. 5 
Diess i 8 hs 
Now the angle c being known, the other ST be found b ra 
Prob I. But for a farther Jlaſtration\of Prob. VI. the work for an wy 
other angle-is here repeated. | — 
TD Au the angle R 1 | Then; T6 Ar. Co. log. E 23520 . The 
Pot n 3511 jol Add Ar. Co.jlog: pF _ =459"" © 757900 i 
* "F=Z159=8B - [Aa the log. iFh=300- -2,47711 partic! 
— — Alſo the log. 30; 2.033498 ar! 
vpe. . rte half of this ſum 216% (e 
- 9 4 a nk —— 
48 (3) 88 31 „ - of 0 38 9.88 g — 
eee ters 1 — 
5 Which doubled, is 999 10 
cles . | 
18 8 84. 


Vo! 


2 4 
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64. ExAmPLE XII. In the plane Triangle ABC. 
Given AB=117 B 
BC=1 1 Miles. f 
Ac g 216 : 
red the angles. — | 
Required the angles 1 3 8 | 
Cons TRUCTION. 


The conſtruction of this triangle, and the meaſuring of the angles, is 
performed as in the Xth and XIth Examples. 


CoMPUTATION. 


In the triangle aBc, as AB BC; therefore the angles A and © are equal 
(Il. 104); and the perpendicular Bp biſects the fide Ac; fo that the 
right angled triangles aDB, ce, are congruous ; conſequently, the 
angles being found in one triangle, will give thoſe of the other. 

Now in the triangle ADB, the fide a8=117; the fide AD g EAC, 
is 108; and the Cp is go? oo' : Here, therefore, being a ſide and its 
oppolite angle given, the ſolution belongs to Prob. I. 


To find the angle ABD. And 67 23' doubled 


as 115 7,93181 

Tos, LD S io oo 10,00000| Gives 1349 46 ABC. 

do ab =108 2, 03342 
——| A like proceſs is to be uſed in every 
1 Tos, £ aBD=679 23 9,965 23| triangle, in which are two equal ſides. 


Pb. taken from oo oo 


Leaves 22 37 =4a=£4c. 


The foregoing examples contain all the variety that can poſſibly hap- 
pen in the ſolutions of plane triangles, conſidered only with regard to their 
des and angles; but beſides the methods ſhewn of reſolving ſuch tri- 
angles by conſtruction and computation, there is another way to find 
theſe ſolutions, called Inftrumental ; and this is of two kinds, vi. 
ether by a ruler called a Sector, or by one called the Gunter's ſcale : 
be method by the ſector, the curious reader may ſee in many books, 
1908 Particularly in a treatiſe on Mathematical Inſtruments publiſhed in the 
(08 Jer 1757, 2d edition“: But the other method by the Gunter's ſcale 
beg in great uſe at ſea, it will be proper in this place to treat of it. 


— 


2 — — COS 


* By the author of theſe Elements, 


; { 65. SEC- 
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Book III. 
65. EECAIION In 
Deſcription and Conſlru&ion of the Gunter's Scale, 


Mr. Edmund Gunter, Profeſſor of Aſtronomy at Greſham College, 
ſome time about the year 1624, applied the Logarithms of numbers to 
a flat ruler : This he effected, by taking the lengths expreſſed by the 
figures in thoſe logarithms from a ſcale of equal parts, and transferring 
them to a line, or ſcale, drawn on ſuch a ruler ; and this is the line, 
which from his name, is called the Gunter's line: He alſo, in like 
manner conſtructed lines containing the logarithms of the fines and 
tangents ; and ſince his time there have been contrived other loga- 
rithmic ſcales adapted to various purpoſes. 

The Gunte:'s ſcale is a ruler, commonly two feet long; having on 
one of its flat ſides ſeveral lines, or logarithmic ſcales; and on the other 
fide various other ſcales; w hich, to diſtinguiſh them from the former, 
may be called natural ſcales. 

While the reader is peruſing what follows, it is proper he ſhould 
have a Gunter's ſcale before him, 


66. Of the Natural Scales, 


The half of one fide is filled with different ſcales of equal parts, for 
the convenience of conſtructing a larger, or ſmaller figure: The other 
half contains ſcales of Rhumbs, marked Ru; Chords, marked Ch; 
Sines, marked Sin; Tangents, marked Tan; Secants, marked Sec; 
Semitangents, denoted by S. T. and Longitude diſtinguiſhed by M. L. 
The deſcriptions and uſes of theſe ſcales will be conſidered hereafter, 
in the places where the; will be wanted, 


67. Of the Logarithmic Scales. 


On the other ſide of the ſcale are the following lines. ; 

I. A line marked s. k. (fine rhumbs), which contains the logarith- 
mic fines of the degrees to each point and quarter point of the compals. 

II. A line ſigned T. R. (tan. rhumbs), the diviſions of which correſ- 
pond to the logarithmic tangents of the ſaid points and quarters. 

III. A line marked Num. (numbers), where the logarithms of num- 
bers are laid down. 

IV. A line marked Sin. containing the log. ſines. 

V. Aline of log. verſed fines, marked v. 8. 

VI. Aline of log. tangents, marked Tan. 

VII. A meridional line ſigned Mer. 

VIII. A line of equal parts, marked Es v. 


68. I. Of 
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68. I. Of the Line of Numbers. 


The whole length of this line, or ſcale, is divided into two equal 
faces, or intervals; the beginning, or left-hand end of the firſt, is 
marked 1; the end of the firſt interval, and beginning of the ſecond, 
is alſo marked 1; and the end of the ſecond interval, or end of the 
ſcale, is marked with 10: Both theſe diſtances are alike divided, be- 
einning at the left hand ends, by laying down in each the lengths of 
the logarithms of the numbers 20, 30, 40, 50, 60, 70, 80, go; taken 
from a ſcale of equal parts, ſuch that 10 of its primary diviſions make 
the length of one interval: And the intermediate diviſions are ſound, 
by taking the logarithms of like intermediate numbers, 

From this conſtruction it is evident, that when the firſt 1 ſtands for 
1, the ſecond 1 ſtands for 10, and the end 10 denotes 100; 


< 10, 2 100, = 10003 
S | 100 — I 000, O 8 1COOO z 
22 Se. — &c. 0 Sc; 
— © 1 „ 2 — O 
w © | To = 15 388 IO; 
— Oo 1 iy, | U ha | U I * 
of * 
< De. — Sc. << &c; 


And the primary and intermediate diviſions in each interval, muſt 
be eſtimated according to the values ſet on their extremities, viz. at 
the begioning, middle, and end of the ſcale. 

Now the examples moſt proper to be worked by this ſcale, are ſuch 
where the numbers concerned do not exceed 10co, and then the firſt 
1 ſtands for 10, the middle 1 for ioo, and the 10 at the end for 
19:0: The primary diviſions in the firſt interval, viz. 2, 3, 4, 55 
b. 7, 3, o, ſtand for 20, 30, 40, 50, 60, 70, 80, go, and the inter- 
mediate diviſions ſtand ſor units. In the ſecond interval, the primary 
diriſions ſigned 2, 3, 4, 5, 6, 7, 8, 9, ſand for 2co, 300, 400, 500, 6C0, 
7:0, £20, 900 3 each of theſe diviſions are alſo divided into ten parts, 
which repreſent the intermediate tens. Between 100 and 2co the divi- 
ſons for tens are each ſubdivided into five parts; ſo that each of theſe leſ- 
fer diviſions ſand for two units. The tens between 2co and 5co, are 
Wide into two parts, each ſtanding for fivg units: The units be- 
tween the tens from 500 to loco are to be ellimated by the eye; 
which by a little practice is readily done. 

From this deſcription it will be caſy to find the divifion repreſenting a 
nen number not exceeding 1000: Thus the number 62, is the ſecond 
mall diviſion from the 6, between the 6 and 7 in the firſt interval: 
Ihe number 435 is thus reckoned; from the 4 in the ſecond interval, 
chunt towards the 5 on the right, three cf the larger diviſions, and one 
ei the ſmaller; and that will be the diviſion expreſſing 435. And the 
ue of other numbers, 


I I 2 69. II. For 


' 
1 
' 
3 
5 
L 
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69. II. For the Line of Sines. 


1 his ſcale terminates at qo degrees, juſt againſt the 10 at the end of 
the line of numbers; and from this termination the degrees are laid back- 
wards, or from thence towards the left: Now ſeeking in a table of lo- 
garithmic fines, for the numbers expreſſing their arithmetic complements, 
without the index, take thoſe numbers from the ſcale of equal parts the 
logs. of the numbers were taken from, and apply them to the ſcale of 
fines from 90“, and they will give the ſeveral diviſions of this ſcale. 

Thus the arith. comp, of the log. fines (or the co-ſecants) abating the 
index, of 109, 209, 30?, 40*, &c. are the numbers 76033, 46595, 
20102, 19193, Sc. then the equal parts to thoſe numbers, laid from 
go®, will give the diviſions for 109 20®, 30, 40%, Cc. and the like 
for the intermediate degrees. 

Proceeding in this manner, the arith. comp. of the fine of 5 45 will 
be about equal to 10 of the primary diviſions of the ſcale of equal parts, 
or to one interval in the log. ſcale ; ſo that a decreaſe of the index by 
unity, an{wers to one interval; then a decreaſe of the index by 2 an- 
ſwers to two intervals, or the whole length of the log. ſcale ; and this 
happens about the fine of 35 min. and the diviſions anſwering to the 
ſine of a little above 3 min. vg 3“ 26”, will be equal to 3 intervals; 
and the fine of about 26“ will be 4 intervals, &c. ſo that the ſine of 
gos being fixed, the beginning of the ſcale is vaſtly diſtant from it. 

It is uſual to inſert the diviſions to every 5 minutes, as far as 10 
degrees; from 10? to 30%, the ſmall diviſions are of 15 minutes each; 
from 20? to 50%, contains every half degree; from 50 to 70, are only 
whole degrees ; the reſt are eaſily reckoned. 


70. III. For ie Line of Tangents, 


As the tengent of 45 degrees is equal to the radius, or fine of go; 
therefore 45 on this ſcale, is terminated directly oppoſite to 9 on the 
ſines; and the ſevcral diviſions of this ſcale of log. tangents are con- 
ſiruQed in the ſame manner as thoſe of the fines, by applying their arith. 
comp. backwards from 45, or towards the leſt hand. 

hne degrees above 45, are to be counted backwards on the ſcale: 
T hus the diviſion at 40, repreſents both 40% and 505; the diviſion 30, 
ſerves ſor 30 and bo” ; and the like of the other divifions, and their 


«4 


Intermediatcs. . 
71. IV. For the Line of Ferſed Sines. 


T his line begins at the termination of the numbers, ſines, and tan- 
gents : But as the numbers on thoſe lines deſcend from the right to 
the leit, fo theſe aend in the ſame direction: Now having a table of 
logaritkmic verſed fines to 180 degrees, let each log. verſed fine be ſub- 
tracted from that of 180 degrees; then the remainders being ſucceſſively 
taken from the ſaid ſcale of equal parts, and laid on the ruler backwards 
from the common termination, the ſcvera! diviſions of this ſcale will 


be obtained. 
The 
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The numbers for each 10 deg. are in the following table. 


— — 


5. Numb D. Numb D-[Numb. Deg. Numb Deg. Numb. Beg. Numb. 
| 


10 0,0033|40/0,0540 7010, 733] loo ſo, 3839 130, 74810 165| 1,5207 
o, 013306000, o8 54 80.0, 2318 110ſ0, 4828 14000, 9319 1700 2,2194 
zoo. o zo! Eee 1200, oz i 150, 1740] 10, 2010 


The other ſcales will be deſeribed in their proper places. 


I 
- 


72. Demonſtration of the foregoing conſtructions. 
That of the log. numbers, is evident from the nature of logarthms. 


For the Sines and Tangents. 


Now coſine : rad. : : rad. : ſecant (34). Then co-f. x ſecant 11 = 
fine : rad. : : rad. : co-ſec. (35). ſine x co-ſec. =1 
tang. : rad : : rad. : co-tan. (36), tan. Xx Co-tan. =1 

The radius of the tables being ſuppoſed equal to 1. 

Hence it is evident, that in either caſe, one of the quantities will be 
equal to the quotient of unity divided by the other. 

But diviſion is performed, by ſubtraction with logarithms, 

And to ſubtract a log. is the ſame as to add its arith. comp. 

Conſequently, the logarithmic co-fine and ſecant of the ſame degrees 
are the arithmetical complements of one another. | 

And ſo are the logarithmic fines and co:ſecants; Alſo the logarithmic 
tangents and co-tangents are the arith. comp. of one another. 

73. Now as the arith. comp. of any number, is what that number 
wants of unity in the next ſuperior place; | 

Therefore every natural fine and its arith. comp. together make the 
radius. 

And the ſines begin at one end of a radius, and end in go? at the 
other end. 

Therefore in a ſcale of fines, the arith. comp. of any fine, or its co- 
ſecant, laid backwards from 9oꝰ, gives the diviſion for that fine. And 
the like muſt happen in a ſcale of log. fines. 

74. Alfo, as the logarithmic tangents and co-tangents are the arith, 
comp. of one another; therefore in a ſcale of log. tangents, the di- 
viions to the degrees both under and above 45, are equally diſtant 
from the diviſion of 459. 

Conſequently the diviſions ſerving to the degrees under 45, will ſerve, 
by reckoning backwards, for thoſe abave 45. 


75. For the Verſed Sines. 


although the numbers in the line of verſed fines aſcend from right to 
lelt, yet they are only the ſupplements of the real verſed fines, which 
are numbered in the fame order as the fines, that is, from left to right: 
Put as the beginning of the verſed fines fails without the ruler, theretore 
tis moſt convenient to lay down the diviſions from the point where 
te verſed ſmes terminate at 180 degrees, that is, againſt 999 on the fines. 

Now it is evident that the diviſions laid off from this termination muſt 
be the differences between the log. verſed fines of the ſeveral degrees, 


Sc, and that of 180 degrees. 
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ESECTTHRHON Y, 
56. The uſe of the Gunter's Scale in Plane Trigonometry, 


When a Trigonometrical Queſtion is to be ſolved by the Gunter' 
ſcale, it muſt firſt be ſtated by the precepts to that problem under 
which the queſtion falls, whether it be by oppoſite ſides and angles, 
or by two ſides and their included angle, or by the three ſides, 


77. In all proportions wrought by the Gunter's ſcale, when the firſt 
and ſecond terms are of the ſame kind, then 


The extent from the firſt term to the ſecond, will reach from the third term 
zo the fourth, | 


Or, when the firſt and third terms are of the ſame kind. 


The extent from the firſt term to the third, will reach from the ſecond 
term to the fourth. 


That is, ſet one point of the compaſſes on the diviſion expreſſing the 
firſt term, and extend the other point to the diviſion expreſſing the 
ſecond (or third) term; then, without altering the opening of the 
compaſſes, ſet one point on the diviſion repreſenting the third term 
(or ſecond term), and the other point will fall on the divifion ſhewing 
the fourth term or anſwer, 


In working by theſe directions, it is proper to obſerve, 


-8. Firſt. The extent from one ſide to another fide, is to be taken 
from the ſcale of numbers ; and the extent from one angle to another 
is to be taken from the ſcale of fines, in working by oppoſite ſides and 
angles; or from the ſcale of tangents, in working by two ſides and the 
included angle, 


Secondly, When the extent from the firſt term to the ſecond (or 
third) is decreaſing, or is from the right to the left, then the extent from 
the third term (or ſecond) muſt be alſo decreaſing ; that is, applied 
from the right towards the leſt: And the like caution is neceſſary when 
the extent is from the left towards the right, 


Theſe precepts being careſully attended to, what follows will be rea- 
dily underſtood, 


79-1 
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70. In ExameLE I. See article 53. 


As 5, . c: AB:: 3, 3: Ac. Or , 425 oh: 195 :: 8, 90 oo“: Q. 
where Q ſtands for the number ſought. 


Now the extent from 42%? 05” to go? oo”, taken on a ſcale of fines, and 
pplied to the ſcale of numbers, will reach from 195 to 291. See 


art 69. 
Alſo, As s, c: AB:: 5, A: Bc. Or s, 429 05“: 195 :: 5,4765 : C. 


Then the extent from 42 O5 to 47 55“ on the ſines, being applied 
to the numbers, will reach from 195 to 216. See art. 68. 

In cach of theſe operations, the firſt extent was from the left to the right, 
or increaſing; therefore the ſecond extent muſt be from left to right alſo, 


do. In ExameLe IV. See art. 56. 
As Ac: s, ZB: : A3: „Lc. Or 291: s, 90“ oo :: 105: Q. 


Here the extent from 291 to 195, taken on the numbers, and ap- 
plied to the fines, will reach from go? oo” to 429 os, 

Tae firſt extent being from the right towards the left, or decreaſing z 
therefore the ſecond extent mult be alſo from the right to the left. 


In EXAMPLE VII. See art. 59. 
As AB: Rad.: : gc: t, CA. Or 195: t, 459 00'::216: 9. 


Then the extent from 195 to 216 on the numbers, will reach from 
459 c to 479 55 on the tangents. 

Here the firſt extent being from left to right, or increaſing, therefore 
the ſecond extent muſt alſo be increaſing: Now on the tangents, this 
increaſe above 45 does not proceed from left to right, but from right 
o left, the ſame way that the decreaſe proceeds (70) ; conſequently the 
diviſion, which the point falls on for the fourth term, mult be eſtimated 
according as the firſt extent is increaſing or decreaſing. 

Thus had the proportion been, 


As BC : Rad. :: AB: t, Cc. Or. 216: t, 45 o:: 195 : Q, 


Then the extent from 216 to 195 on the numbers, will reach from 
45 00' to 429 05, eſtimated as decreaſing. 

$i. When two ſides and the included angle are given, and the tan- 
gent of half the difference of the unknown angles is required. 

Then, on the line of numbers take the extent from the ſum of the 
given des to their diſſetence; and on the line of tangents apply this ex- 
tent from 45 downwards, or to the left; let the point of the com- 
paſſes reth where it falls, and bring the other point (from 450) to the 
Gvifion anſwering to the half ſum of the unknown angles; then this 
extent applied from 459 downwards, will give the half difference of th: 
vuknown angles: Waence the angles may be found. (47) 


Y I 4 In 
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In EXAMPLE IX, Sce the art. 61. 


As AP+HAC : AB—AC ::t,i/c+2B: t-, C- B. 
wi 2060 |: 4 bo aff 2 0s 


Now the extent from 567 to 249 on the numbers, being applied to 
the tangents, will reach from 45 to about 230 40“: et one point of 
the compailes reſt on this diviſion, and bring the other to 609 5/ ; then 
this extent will reach from 45* to 38” 107, the hali difference fought, 

And this method will always give the half difference, whether the 
half ſum ot the angles is greater or leſs than 458. 


82. But when the half ſum and half difference are greater than 45 
then the extent from the ſum of the ſides to their diſference on the ſcale 
of numbers, will (on the tangents) reach from the halt tum ot the angles 
to their half difference, reckoning from leſt to right. 

And when the half ſum and half difference are both leſs than 45; 
then the extent from the ſum of the ſides to their difference, taken from 
the numbers and applied to the tangents, will reach from the half ſum 
of the angles downwards to their half difference. 


83. When the three ſides are given to find an angle, and a perpendi- 
Cular is drawn from an angle to its oppoſite fide, See Ex. X. art. 62. 


As AC: BC+AB:: BC—AB : CD—AD. 
nn: 20 : Q- 


Now the extent from 291 to 411 on the ſcale of numbers, will reach 
from 21 to 29,6 on the numbers alſo, 


Then the extent for the angles is performed in the ſame manner as 
ſhewn in Ex. 1. | (78) 


84. Or an angle may be found by Problem VI. as follows. 

In the ſcale of numbers, take the extent from the half ſum (of 6 and p) 
to either of the containing ſides (as x); apply this extent from the other 
containing fide (as F), to a fourth term: Let one point of the compaſles 
reſt on this fourth term, and extend the other to the half difference (of 
6 and p); then this extent applied to the verſed fines from the begin- 
ping, will give the ſupplement of the angle ſought. 


In ExXamPLE X. See art. 62. 
E = 291; F = 216; half ſum = 135; half diff. = 60 


Then on the numbers, the extent from 135 to 291, will reach from 
216 to 465 ; let the point reſt there, and extend the other to bo; then 
this extent applied to the verſed fines, will reach from the beginning t 
137 5& ; which taken {rom 1809, leaves 429 04 for the angle ſought- 


$310 
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85. In Ex AurTE XI. See art. 63. 


Here E408; F=351; balf ſum of G6 and D=108; half diff. 5 t. 
Then on the numbers, the extent from 108 to 408, will reach from 
251 in the ſecond interval, to a fourth number: But as the point of the 
compaſſes falls beyond the end of the ſcale, therefore let the extent from 
108 to 408 be applied in the firſt interval, which will reach from 35, 1 
to 132, 6; let one point reſt on 132,6 and extend the other point of 
the compaſſes to 51. Now as this extent of the compaſſes is leſs than 
it ought to be, by one interval, or half the length of the fcale of num- 
bers; therefore the laſt extent, when applied to the verſed fines, muſt 
be from that diviſion, on the verſed fines, oppoſite to the middle of the 
ſcale of numbers, which is nearly at 143? ; and it will reach from 
thence to the verſed fine of 1579 23“; which taken from 180, leaves 
22% 37“ for the angle ſought. | 


86. Moſt of the writers on Plane Trigonometry treat of right angled, 
and of oblique angled triangles ſeparately ; making ſeven caſes in the 
ſormer and fix caſes in the latter: But as every one of theſe thirteen 
caſes fall under one or other of the foregoing Problems, therefore ſuch 
diſtinctions are here avoided, it being conceived, that they rather tend 
to perplex than inſtruct a learner: Alſo in the generality of the treatiſes 
on this ſubject, it is uſually ſhewn how the ſolutions of right angled 
triangles are performed, by making (as it is called) each fide radius; 
that is, by comparing each fide of the triangle with the radius of the 
tables: And although theſe conſiderations are here omitted, yet the 
inquiſitive reader will find them in Book VII. near the beginning, 


87. Beſide the demonſtration of Problem IV. at art. 48. it has been 
thought proper to give another demonſtration z becauſe there ariſes from 
it a Theorem uſeful on ſome occaſions: Moreover, there is alſo added 
methods of deriving other rules for the ſolution of the caſe where the 
three ſides are given to find an angle; which, if they ſhould be found 


vf no other uſe, will perhaps be agreeable exerciſes of Geometry to thoſg . 
who are delighted with theſe ſtudies, 


In 
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88. In any plane triangle aBc, 
Given CA, CB, and / C 
Required the angles B and A. 
SoLUTION. Take cCD=cr, and draw DB. 
Biſect DB in F, DA in E, draw CFG, and EF, 
which is parallel to Ap. (II. 165.) 
Now DE or AE is equal to half the difference 
of CA and CB. 
And ct ( A-Ax) is equal to the half ſum A G B 
of CA and CB. (47) 
The ſum of the equal angles cp, cps (II. 104) is equal to the ſum 
of the unknown angles CBA, CAB. (I. 98) 
Then the angle CBD is the half ſum, and the angle ABD is the half 
difference of the unknown angles cBA, An. 4 
And as cpo is at right angles to vs (II. 163); er is the tangent of 
Z.CBD, and G is the tangent of /_ABF to the rad, BF. 4 
Thea CE: EA :: CF : GF (II. 165): Or 2CE : 2EA :: CF : FG. (II. 151) 


That is, CA+CB: CA—CB : ; tan. £/ CHAT CAB: tan. 3 4. CHB. 


89. AGAIN. From H, the middle of cp, draw Ru at right angles, and 
Equal to CH; draw D1, and EK parallel to DI, meeting C1 produced in 
Kk; and join 1E. 

Now fHeE=(£cD+ipa=)ica; and HAB. 

And HE=tangent of the angle HE to the radius, HIZHC. 

Then cg: A:: (zuc: 2E: : HC:HE :: ) Radius: tan. L HIE, 
And ZHIE - (CHD g) 45 =4DIE= £4 KEI (II. 95) is known, 


Then rad. : tan ZK EI: : EK: KI :: ck: KI; becauſe /KcE=/ KEC, 
But : ck : 1 :: c: 8D, (II. 166) 
22 2CE ; 2ED. (I 151) 
:; CA+CB:CA—CB::t,f\um2z.s : 1, diff. £5.(93) 


Conſequently rad. : tan. / KEI: : tan. 4 /5TBAFCAB: tan. £ /.CBA—CABs 


This rule is often uſeful in Aſtronomical calculations, when the loga- 
rithms of the ſides An, hc are only known, and the angles BAC, BCA, 


are required, without finding, from thoſe logarithms, the ſides them- 
ſelves. 


For the difference between the logarithms of the ſides, increaſed by 
radius, gives the tangent of an arc; which arc leſſened by 459 leaves a 
tecond arc. 


Then as rad. : tan. ſecond are:: tan, * ſum Z.: tan, 1 diff. 7.5, 


90. In 
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go. In any plane triangle ABC, where the three ſides are known, the 
meaſure of either angle (as the angle A, included between the fides 
AB, Ac,) may be found ſeveral ways, as ſhewn in the following articles. 
The letters 5, f. v, ſtand for fine, tangent, verſed ſine. 
5% i, ſtand for co - ſine, co-tangent. | 
v ſtands for the verſed fine of the ſupplement; 
Alſo ss, tt, ſtand for the ſquares of the fine and tangent. | 
And , T, ſtand for the ſquares of the co-fine and co-tangent. 
Radius =R ABS AE APD; and H=EZAB+IAC+EBC., ö 


1 A B 
(— FIN 


EN 
LY 
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91. 8,3 LA=RxXayf/ EE. Here ZI IZA. 


A NAA 
For R: 3, 1 CA:: (DE=)2AB : BD, (45 
And RR : 36, LA: : 4AB* 3 BD?, (II. 161) 
BD* 
Now ss, C A= RR X 0 . 
32 4AB* (II 164) 
_—_2AB 2H—2ACX 2H—2BC 
F — (IL 179) 
Then s, ZA U N= 
8 Ac Xx AB 
Lens X \/H X H=CB X H=AC X H—=AB 
. a * . 
For AB: BG::R: 5, CA. (45) 
And AB“; BG“: : RR : $5, LA. (IT. 161), 
R R 
Now ur LAZ——XBG's (II. 164) 
=— "pn IF n C HAC X H=AB« (II. 180) 
AB* AC ; 


93 „ANL Here LE={ 4A; and DS comp. CE. 


Ac Xx AB | 
For R: , LA :: (DEZ) 2AB : BE. (45) 
Aad RR: , F/ A: : 4AB“: BR“. (II. 161) 
2 
Now , K LAN RX (I. 164) 
4AB 
hs 2ABX4XHXH—CB, IL 178 
= RR * 2AC ( 7 ) 


94+ 2 
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"of 
- 4X 3 


B 


= A. * E - a 
SAC x H_AB 


94. t, TL AZR XI 


HX HC 
For R: f, CA:: BER: BD, | 660 
And RR: tt, CA:: BE* : BD“. (II. 164} 


BD” 


Now tt, Z4A=RR x — (1. 169 
H—AC X H—-AB > 
yy  Þþ 4 —0 II. 1 8. g 
1 ( 7 179) 
_HxH—CB _ 
A AX N 
95 4 HEACXHEAB 2 
For = : BE*:: (t, LA: RR JAR: f, 14.4. (436) 
BE* #1 
Then fi, ZLA=8R * 87 (II. 178. 179} 


ACN HAB 
96. v, Ca SIRE 


ACXAB Ny 
For R: v, CA:: AB: GD, (45) 
GB 2 * HA X H—AB | 
hen v, LAZRE—=RX=— — Il, 1 
T 2 AB ac x AE ( 177] 
97. A= K. 
Ac x AB 


For R: V, A:: AB: GE. 


E. H * H. 
Then v, ASA Rx i x H=CH =. 
AY - 9 
CB? ACT — AB? 
ACXAB 
For n: „ LA: AB; AG {| 


98. 1 LAZIRX 


BC — 
a AC X AB 


Then e, Z A= R * =RX— 
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err 
Definitions and Principles. 


1 OPHERICS is that part of the Mathematics which treats of 
the poſition and magnitude of arcs of circles deſcribed on the 
ſurſace of a ſphere. ; [ 
2. A SPHERE is a ſolid contained under one uniform round ſurface, 
ſuch as would be formed by the revolution of a circle about its diameter, 
that diameter being immoveable during the motion of the circle. | 
Thus the circle AEBD revolving about the diameter AB, will generate a ſphere, 
ibe ſurface of which will be formed by the circumference A EBD. See Plate I. 
3- The CenTER and Axis of a ſphere are the fame as the center and, 
diameter of a generating circle: And as a circle has an indefinite 
number of diameters, ſo a ſphere may be conſidered as having alſo an 

indefinite number of axes, round any one of which the ſphere may be 
conceived to be generated. | b 
4. CixCLEs OF THE SPHERE are thoſe circles deſcribed on its ſurface 

by the motion of the extremities of ſuch chords in the generating circle as 
are at right angles to the diameter, or to the axis of the ſphere. 
Thus by the motion of the circle AEBD about tle diameter AB, the extre- 
milies of the chords ED, G, In, at right angles to AB, will deſcribe circles 


the diameters of which are equal to th:ſe chords reſpcaively, Plate I. a 
1 8 5. The 
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5. The Pol xs of a circle on the ſphere, are thoſe points on its ſur. 


face equally diſtant from the circumſerence of that circle. 
| Thus A and B are the poles of the circles deſcribed on the ſphere by the end; 
of the chords ED, O, IH. Plate I. 


6. A GREAT CIRCLE of the ſphere, is that circle which is equally 
diſtant from both its poles. | 

Thus the circle deſcribed hy the extremities E, D, of the diameter ED, at 
right angles to AB, being egually diſiaut from its poles A and B, is called 4 
great circle. | | 


7. LESSER CIRCLES of the ſphere, or ſmall circles, are thoſe circles 
which are unequally diſtant from both their poles. 

Thus the circles of which F, HI are diameters, having their poles A and B 
unegually diſtant from them, are called leſſer circles. 


8. PARALLEL CIRCLES of the ſphere, are thoſe circles, the planes 
of which are conſidered as parallel to the plane of ſome great circle. 

Thus ihe circles having the diameters FG, HI, are called parallel circles in 
reſpect of the great circle of which ED is the diameter. 


9. A SPHERIC ANGLE is the inclination of two great circles of the 
ſphere mecting one another, 


10. A SPHERIC TRIANGLE 33 a figure formed on the ſurface of a 
ſphere by the mutual interſections of three great circles, 


11. The STEREOGRAPHIC PROJECTION of the ſphere, is ſuch a re- 
preſentation of its circles, upon the plane of one of them paſſing through 
the center, and called the PLANE or PRoJecTI1oON, as would appear to 
an eye placed in one of the poles of that great circle, and thence view- 
ing the circles on the ſphere. 


12. The place of the Eye is called the ProjecTiNG Pord r, or 
lower pole: and the point diametrically oppoſite is called the remoteſt, 
or oppolite, or upper pole, 

Alſo, the projection of any point on the ſphere, is that point in the 
plane of projection, through which the viſual ray paſſes to the eye. 


13. The PRIMITIVE CIRCLE is that great circle, on the plane of 
which the repreſentations of all the other circles ate ſuppoſed to be drawn. 


14. An OBLIQue CIRCLE is one which has its plane oblique to 
the eye. | 


15. ARicir CiR@LE is that which is perpendicular to the plane of 
the primitive circle, and if it be a great circle, its plane paſſes through 
the eye, and it is ſcen edgewiſe: conſequently it is repreſented by a 
ſtreight line drawn through the center of the primitive circle, 


AXIOMS 


great 
circh 
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16. The diameter of every great circle paſſes through the center of 
the ſphere ; but the diameters of fmall circles do not paſs through the 
ame center : Alſo the center ofthe ſphere is the common center of all 
its great circles. 


17. Every ſection of a ſphere, by a plane paſſing through its circum- 
ference, is a circle, 


18, A ſphere is divided into two equal parts by the plane of every 
great circlez and into two unequal parts by the plane of every ſmall 
circle, 


19. The pole of every great circle is at go degrees diſtance from it 
on the ſurface of the ſphere: And no two great circles can have a com- 
mon pole. | 


20. The poles of a great circle are at the extremities of that diameter, 
or axis, of the ſphere, which is perpendicular to the plane of that circle. 


21. Lines flowing to the projecting point, or place of the eye, from 
every point in the circumference of a circle which it views, form the 
convex ſurface of a Cone. 


22. A plane paſſing through three points on the ſurface of a ſphere, 
equally dittant from the pole of a great circle, will be parallel to the 
plane of that circle, 


22. The ſhorteſt diſtance between two points on the ſurface of a 
ſphere, is the arc of a great circle paſſing through thoſe points. 


24. If one great circle meets another, the angles on either fide are 
ſupplements to one another; and every ſpheric angle is leſs than 180 
degrees. 


25. A ſpheric angle is meaſured by an arc of a great circle intercepted 
between the legs of that angle, at 90 degrees diſtant from the angular 
point. | 


26, If two circles interſect one another, the oppoſite angles are equal. 


27. Two ſpheric triangles are congruous, if two ſides and their con- 
tained angle in one, are equal to two ſides and their contained angle 
in the other, each to each: Or if two angles and the contained fide in 
the one, are equal to two angles and their contained fide in the other, 
cach to each: Or if the three ſides in the one, are reſpectively equal to 
the three ſides in the other, $A 


28. All parallel circles have the ſame pole, and may be conceived to 
be concentric to the great circle which they acc parallel to, 


: | para}lel circles on the ſphere, having the ſame pole, are cut 
te, 164121 705 by two great circles paſſing through that pole, 
SECTION 


128 8 PHERICS. Book Iv. 


rie 1 
Stereograpbhic Propoſitions. 
30. PROPOSITION I. 


Great circles of a ſphere mutually cut one anather into two equal parts, 


DemonsT. Any two great circles have the ſame common center. (16) 
And their planes interſect in a right line. (II. 209) 
Now the center mult lie in the line of their interſection. 

Therefore this right line is a diameter common to both. 

But every circle is biſected by its diameter. 

Therefore the circles mutually biſect one another. 


31. Coo. I. The circumferences of any two circles interſecting 
one another twice, make the angles at both ſections equal. 


For the planes of thoſe circles have the ſame inclination at both ends 
of their interſection, or where the circumferences interſect. 


32. Cokol. II. Two great circles of the ſphere will cut each other 
twice at the diſtance of 180 degrees, or in oppoſite points of the ſphere. 


33 PROP. II. 


The diſtance of the poles of two great circles, is equal to the angle formed 
by the inclination of thoſe circles. Plate I. 


Dem. Let AEB, CED, be two great circles of the ſphere, their planes 
paſſing through its center F; and let a, &, be the poles of the circle 
AEB, and c, d, the poles of the circle CED. 

Then is the arc Aa=arc cc=90?, (19) 
And the arc ca is common to both the arcs Aa and cc. 

Therefore the arc ac meaſuring the inclination CFA of the circles, is 
equal to the arc ac meaſuring the diſtance of the poles. (II. 48) 


34. Coror. I. Two great circles are at right angles to one another, 
when they paſs through each other's poles. 


35. CoRoL. II. The pole of a great circle is go degrees diſtant 
from it, taken in another great circle, or in an arc of it, diawn per- 
pendicular to the former circle, | 


36. Co Rol. III. Two or more great circles, at right angles to an- 
ether great circle, interſect one another at 9o diſtant from it, or in 
the pole of the latter circle. And the like of arcs of great circles. 


37. Cokol. IV. if ſeyeral great circles interſect one another in the 


pole of another great circle z then are the former circles perpendicular 
to the latter, 


38. PROP. 


de 


tt 
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28. PROP. III. 


In the 8 of the ſphere, the repreſentations of all circles, 


nt paſſing through t 
figures. Rn | | 
Let Act DB repreſent a ſphere, cut by a plane xs, paſſing through the 


projecting point, will be circles. Plate I. three 


center 1, at right angles to the diameter EH, drawn from E, the place 


of the eye. | 
And Jet the ſection of the ſphere (17) by the plane Rs, be the circle 
cl, its poles being H, and E. pop | W 

Suppoſe A0 is a circle on the ſphere to be projected, its pole, moſt 
remote from the eye, being : And the viſual rays from the circle 480 
meeting in E, form the cone AGBE (21) of which the triangle Ats is 
a ſection through the vertex Ex, and diameter of the baſe AB. (II, 204) 

Then will the figure ag, which is the projection of the circle 304, 
be a circle. . * 1 1 N 


DEMONSTRATION. Sincg the L. rab is meaſured by & arc ac + (1 are 


ED=) £ arc CE. 74 | | 1 154 2 42 2x0 $47 (U 18 
And the ZEBRA is meaſured by are Ac arc CE. (II. 12 
Therefore the angle £Ba =angle Eab. WS (II. 50) 


And ſo the triangles EAR, tba are Gimilar, the 4 E being common. 
Therefore ab cuts the ſides EA and EB, of the cone in a ſubcontrary poſi- 
tion to AB; and conſequently the ſeCtion af bg is a circle. (II. 213) 

Now ſuppoſe the plane xs to revolve on the line co, till it coincides 
with the plane of the circle Aces ; 8 

Then it is evident, that the point L will fall in n, the pointy in E, 
and the circle CFDL will coincide with the circle CEDH, which now 
becomes. the primitive circle, where the point F, or E, is the projeCt- 
ing point:, Allo the, projected circle of bg will become the circle anbx. 


39- Coxor. I. Hence the middle of the projected diameter is the cen- 
ter of the projected circle, whether it be a great circle or a ſmall one. 

40 Coror. II. Hence in all circles parallel to the plane of projectian, 
their centers and poles will fall in the center of the projection. 


41. Coxol. III. The centers and poles of circles inclined to the 
plane of projection, fall in that diameter of the primitive circle which 
is at right angles to the diameter drawn through the projecting point; 
but at different diſtances from its center. | ; 

42. CoroL. IV. All oblique great circles cut the primitive circle in 


two points diametrically oppolite, 


K 42 PROP. 


« * 
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The meaſure of the angle which the projected diameter my any circle ſubtends 
at the eye, is equal to the di lance of that circle from its pole, which ir 1 
remote from the projet?ing point, taken on the ſurface of the ſphere. Andthat 
angle 5 biſected by a right line joining the projefiing point and that 2 

te 1. 


Let the plane xs cut the ſphere r EG, as in the laſt. f 
And let aBc be any oblique great circle, the diameter of which Ac is 
projected in ac; and Kot any ſmall circle parallel” to ABC, the diameter 
of which kx is projected in . 

The diſtances of thoſe circles from the pole v, being the arcs roy 

KHP, and the angles akc, #84, are angles at the N by their 
| projected diameters ac, 4l, 

Then is the angle atc meaſured by the arc Ae, the angle kel is mea - 
ſured by the arc KH, and thoſe angles are biſected by EV. 


216 
44 4 Z 


Dru. For are nA gare vc; and arc PHK=arc M. 
And the Z AEC is meaſured by ; arc APC=arcPHA © - (8; 1 12 
Allo the Z K Rll is meaſured by Z arc KPL=arc PHE. (II. 2 


Thereſore the angles A EH KEL, are reſpectively meaſured by the 
PHA, PHK. 


And it is evident thoſe angles are biſected by the ne EP. 


44. Coror. I. Hence as the line E projects the oe r in f7 0 the 
ſame line refers a projected pole to its ud on the ſphere, in the eit. 
cumſerence of the primitive eirele. 


45. Conor. II. Hence, on the plane of the 1 l 00 
deſcribed the repreſentation of any circle whoſe diſtance from its pole, 
and the projected place of that pole, are given. 

For PA and ve are projected into pa and pc; and the biſ:Qion of ar 
gives the center of the circle ſought. | 


46. Conor. III Hence every projected oblique great ande cuts EY 
primitive circle in an angle equal to the inclination of the plane of that 
oblique circle to the plane of projection. 

For Fa is equiyalent to FA the inclination. 


And Fa meaſures the angle FHa, fince x, Ha are each 90% 0 


47. Corox. IV. The diſtanee between the projeCtions of a great 
circle and any of its parallels is ei to their diſtance on the 
ſphere 
Thus the projection . is equivalent to Ak. 


48. PRO P. 


R 
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Any point of a 178 feereographically prejected, is diflant ſPom the center 
of projettion, by the tangent of half the arc intercepted b:twween that point and 
the pole oppoſite to the eye : ſemidiameter of the ſphere being made radius, 
Plate I. * | 

Let cht n be a great circle of the ſphere, the center of which is c, GH 
the plane of projection cutting the diameter of the ſphere in b, 33 E, e, 
the poles of the ſection by that plane; and à the projection of A. 

Then is ca equal to the tangent of half the arc ac. 


Dem. Draw cy, a tangent to the are ch fare ca, and join cx. 
Now the triangles CFc, car, are congruous : For Cc=2c8, L. C= 4 Fa 
=right Az, 4CceF=cea(ll, 128): Therefore am=cr. 
Coniequently ca is equal to the tangent of half the arc c. 


49- p RO P. VI. 


The angle made by the interſection of the circumferences bf two circles in the 
fame plone, is equal to the angle made by tangents to theſe circles in the point 
of ſection ; and alſo is equal to the angle made by their radii drawn 10 that 
point. Plate J. | 


Let ce, cn, be two arcs of circles in the ſame plane cutting in the 
pony C3 AC, BC, their radii; GC, c, tangents at the point c. 
hen 1s the curve lined angle Ec D g CO CLA. 


Dem. Since the radii Ac, Bc, are at right angles to their tangents . 
Fc (II. 120); and are alſo at right angles to the arcs CE, ch. (II. 136) 
Therefore the poſition of the tangents and arcs at the point c are the 
ſame ; and conſequently the £ECD=Z.GCF. N 

Alſo the £AcB+ 4. BCG=(right £=) Cre £ BCG. 1 
Therefore the angle Acs is equal to the angle reo, by taking away the 
common angle BCG. (II. 48) 
Conſequently L cr rA. 


50. SCHOLIUM: If che arcs Ce, cp, were in different planes, the 
ſame would hold true with regard to their tangents. | 

For ſuppoſe the circle ep to revolve on the fixed radius Bc, fill cut- 
ting the circle CE in C: I hen the tangent cr revolving with it, has ſtill 
the ſame inclination to BC : And as the inclination of the planes of the 
circles vary, ſo much will the inclination of the tangents var. 

Therefore the angle made by the tangents, in all poſitions of the cir- 
cular planes, is the ſame as the angle made by their circumſetences. 


51. Corox. Hence if a plane touches a ſphere, at the point where two 
circles of it interſect one another, the tangents to both circles will lie 
in that plane; and conſequently, in all oblique poſitions, a right line 


perpendicular to one tangent will cut the other tangent. 
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52. PROP. VII. ' 
| TLe angle cobich any two circles make, when fereographically projected, is 
equal to the angle which thoſe circles make on the ſphere, Plate l. * 


Suppoſe DAEL a ſphere to be projected on the plane s BRN, and 
ALDE a great Circle paſſing through the project ing point E. Let 184 
be any other circle, cutting the former in L and A, under the angle 
BAE, which will be repreſented by the circle s8BR, (38) as the circle 
ELDA is by the right line sc (15). 1 he angle BAE is equal to the angle 
BRC, | n 1 
From the point A draw Ac, AF, to touch the circles AE L, As in 4, 
and meet the plane of projection in c and F; alſo diaw RF and CF, 
which will be in that plane; and, in the plane of the great circle Akt, 
draw AD parallel to sc, and join ED. | i 
Deu. The angular point a is projected into x; (12) conſequently Ac 
is projected into RC, and AF into RF. And fince sc is the common 
ſeQion of the plane of projection with that of the great circle E14 
(II. 210) the lines Ac, sc, AD, p, AE, lie all in the plane of that 
circle: Alſo becauſe AD is parallel to sc, the 2 aRC=4 DAt= ADE 
' = ZRAC (II. 94 104. 132) conſequently ac=Rc (II. 104). Now the 
lane paſſing through ac and AF touches the ſphere in a, (51) it is 
— perpendicular to the plane of the circle Af D; and FC its com- 
mon ſection with the plane of projection, is at right angles to that 
plane (II. 210); FC is therefore at right angles both to the lines ac and 
CR (II. 205): Hence, the triangles Acr, Rer being right angled at c, 
having the fide Fc common, and ac=cR, are congruous (II. 90), and 
the ZcAF=4cRF. Conſequenily the ZEAB=Z rac (51) = ZFRc. 
Now it is manifeſt that as AF touches the baſe, ABI, of the cone EABL, 
in the point A, a plane paſling through Ar and Ak will touch the fide 
of the cone in the line AB; but AF is alſo in that plane (II. 198); 
therefore AR touches the cone in the line AE; and as AR lies alfo in the 
plane of the circle sBR, it muſt touch that circle alſo: contequently 
(50) BRCZAFRCEAFACELABE. | A 


3. N. 

The diflance between the poles of the primitive circle and an oblique great 
circle, in flereographic projettions, is equal to the tangent of haif the inclina- 
tion of thoſe circles; and the diſtance of their centers ii equal to the tangent of 
their Are : The ſemidiameter of the primitive circle being made radius. 

Plate OE. þ ; 


Lt ac be the diameter of a circle, the poles of which are P and . 


and inclined to the plane of projection in the angle Alx. 
And let a, c, p, be the projections of the points a, c, r. n 
Alfo let Hat be the projected oblique circle, the center of which is g. 
Now when the plane of projection becomes the primitive circle, the 
pole of which is 1. 8 

ben is 1p=tangent half C Air, or of half the arc ax. 


And 14=tangent of Ar, or of the 4FHa=aAtF. 


# * 


Den. For AH ＋ Hr = AHT Ar. Therefore Hr AFT. 781 
But ip =tangent of half ar, or of half r. wong 
| A Again 
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Again. As Ac is projected in ac, then 3, the middle of ac is, the center 
of the projected circle, and of its repreſentative HR. | (45) 
Draw Eg produced tor: Then as ga=ge; the £gra= gon. (II. 104) 
But the 242+ is meaſured by half the arc EFA (IL 137.) 
Therefore the are Hr gate AFE (II. 50): And as the are Aup=FaAey 
Therefore Pr SAFS H; and Hr =twice the arc AF. 

Therefore (II. 127) the £ IE =A1F,, the inclination of the circles, 

But 14 is the tangent of the £189, EI being the radius. . 


54. Coal. Hence the radius of an oblique circle is equal to the 
ſecant of the obliquity of that circle to the primitive. 
For Eg is the ſecant of the angle 14, to the radius v El, 


55: 1 2:0::ok BoB: We Boy Is 

If through any given point in the primitive circle an oblique circle be deſerits 
; then the centers of all other ablique cirdes paſſing through that point, will 
be in a right line drawn through the center of the firſt oblique circle at right 
angles to a line paſſing thraugh the given point, and the center of the primitive. 


Jet gc be the primitive circle, AQDE1, a great circle 22 
through p, its center being B. 

PE is a right line drawn through B, perpendicular to 2 right line cr 
paſſing through p, and the center of the primitive circle; \ 

Then the centers of all other K 1 circles FDG ben through , 
will fall in the line k. 


Dem. For if E be the projecting point, the circle EDAT will be the 
projection of a circle —— of which is NM. 

Therefore D and i are the projections of x. u, which are oppolit 
points on the ſphere; or of points at a femicirele's diſtancc. 

TPhecefore all circles. paſſing through D aud 1 mult be the projection 
of great circles ou the ſphere: 

But 51 is a chord in every circle paſſing through the elde p, 1. 8 

Conſequently the centers of all thoſe circles, will be {found ' in HE. 
drawn * through B, the middle of -. „ dll 


"0 NMR ak | A 

Equal gres of any tꝛvs great circles of the ſphere, will be 2 between 
tw: ot her {+ drawn on the ſphere ea hs the rematefl poles 7 theſe . 
circles Plate I. »d\ + AIG. wir? 


Let P3E A be a ſphere, on which AGB, CFD, are two great circles; 
the remoteſt poles of which are E, Þ z and through theſe poles let the 
great ciccle PBEc, and ſmall circle pot, be drawn; ene by 


pieat circles A, CEN, in the points B. O. and D, .. L 


Then are the intercepted arcs 85 and DF equal to one another. 


Derm. For the arcs ED arcs PB +D8; therefore £D=Ph. 

And the ares Er FO ares PG+FG (: 9); therefore ar ro. 

For the points F aud 6G are equally diſtant from their poles p, K. 

Allo the DEF for interſecting circles * n ler at 
the ſections. | 31) 
T herefore the triangles EFD and PGB are congtudus, © NT” 9 
Therefg;e che arc BG Sate DF. 


K 3 "99% PROP, 
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57 · PROP. AL 


If lines le drawn from the pr:je#t:d pale of any great circle, cutting the 
feripheries of the projected circie and plane of projection, the intercepted arcs 
of ibeſe ct: cumferences are equal. Plate I. | 


On the plane of projection, AGB, let the great circle rp be 
jected into cf, and its pole P in p; moreover, draw the lines pd, pf: 
the arcs GB and fd are equal. 5 
Since pd lies both in the plane AGB and APBE it is their common ſecs 
tion ENTS (II. 198.) 
But the point 8; is in their common ſeCtion : (56) 
Therefore pd paſſes through the point B. 

And in this manner it may be proved that pf paſſes through G. 


Now the points p and F are projected into d and f. (38) 
Therefore the arc d is equivalent to the arc FD. | 

But the arc FD is equal to the arc GB: (56) 
Therefore the arc GB is equivalent to the ark fd. (II. 46) 
58. PROP. XII. 


The radius of any ſmall circle, the plane of which is perpendicular io that of 


the primitive circle, is equal to the tangent of that leſſer circiès aiftance from 
its pole; and the ſecant of that diſtance, is equal to the diſtance of the centers 
of the | rimiti ve and leſſer circle. Plate I. h 4 


Let er be the pole, and AB the diameter of a leſſer circle, the plane 
being perpendicular to the plane of the primitive circle, the center of 
which is C: Then d bring the center of the projected leſſer circle dA is 
equal tothe tangent of the arc PA, and dC=lccant of PA. ? 


Deu. Draw the diameter EO parallel to aB, and through Þ draw cb, Now 


x being the projecting point, the diameter AB is projected in ab. (22) 
And &, the middle of ub, is the center of a circle on ab. 
I hen a right line drawn from p through a, will meet &: (II. 130) 
And draw CA, &a. 

Now the right angled triangles och, DA, having the angle Þ common; 
the £ DbC=/ DEA. 15 98) 
But £DEA=+{4 DCA; and Z Dc TL adc: (II. 127) 
Therefore £DCA=Z Add. | 
ow CAT ACA S right angle. ä | 
Then Z Adc+£ acp=right angle: Therefore E cad is right., (II. 96) 
Conſequently da, Sradius of the circle Aa, is the tangent of the 
arc pa, to the radius CA. | | (11. 126) 
And dc, the diſtance of the centers, is the ſecant of the arc ap. (III. 5) 


59. CoroL. Hence the tangent and ſecant of any arc of the primi- 
tive circle, belongs alſo to an equal arc of any oblique circle ;; thoſe 
arcs being reckoned fronutheic interſection. 

For the are Pc of every oblique circle intercepted between Þ and the 
arc of the ſmall circle Ash, is equivalent to the arc PA of the primitive 


kirche: Becauſe the arc Aa is equally diſtant ſrom its pole p. (5) 
JW 


fe! 


ar 


C. 
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Spherical Geometry. 


Spheric Geometry, or ſpheric projection, is the art of deſcribing, 
or repreſenting, ſuch circies or arcs of circles as are uſually drawn 
abon a ſobere on the plane of any one of them ; and of mebſuring 
ſuch arcs, and their poſitions to one another, when — 


by 


bo. PROBLEM I. 3 


To deſcribe a great circle that fball paſs through two n points ow 
primitive circle, or plane of projettion. 


Let the given points be A, B; and C the center of the prim..ciccle. 
CasE 1, n a, is the center of the pri- | 


milive circle. 


ConsT. A diameter drawn through the given 


points A, B, will be the great circle required. (15) 3 


Cas 2. When one * A, is b the circumfe- 
rence of the primitive circle, 


Coxs r. Through A draw a diameter AD. 


Then an ablique circle deſeribed through * 2 


three points A, B, D, (II. 72) will be the great circle 
required, (42) 


61. CasE 3. When neither point is at the center, 
Ir circumference of the primitiue circle, 


ConsT. Through one point A, and the center 
c, draw AG, and draw CE at right angles to AG. 

A ruler by E and 4 gives D; by D and c gives 

; and by E and F gives G, in AC continued, 

| Through the three points G, B, A, deſcribe a circumference 8, 72) 
cutting the primitive circle in h and 1. | 
Then the oblique circle Al will be the great circle required. 

For Ad may be taken as the peojection of the great circle FD. (12) 
Therefore A and G are .the projections of oppolite points on the 
ſphere. | (32) 

Conſequently, all circles paſſing through & and A will be the repre- 
icntatives of great circles cn the iphere. 


8 
; K 4 52. PRO 
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62. PROBLEM UI. 1 64 


About any gixen point as a pole, to deſcribe à great circle in a given primi. 
tive circie. 331 YC 


iv 
Let P be the given point, and I the center of the primitive circle, | 
Cask I, nen the given pole, P, is in the center of * : the 
the primitive circle, n | 
ConsT. The primitive circle will be the great ene 
Circle required. — (13) 
Cast 2. M ben the given pole, P, is in the circumfe- to 
rence of the primitive cir ele. me 
ConsT. Through the given pole p, draw PE a 6 
diameter to the primitive circle. 
hen another diam. AB, drawn at right angles C 
to PE, will be the great circle required, (20, 15) mit 
f | and 
63 Cass 3. When the given pole p 1s neither in give 
the center or circumference of the primitive circle. | 0 5 
=4 
Conesr. Through r draw a diameter bd, and another BE at right f 
angles to bd; then a ruler by E and r gives p. + 3 N = 
Make the arc pa=90?; a ruler by E and a gives othe 
a in the diameter bd. , | | \ 
T hen a circle deſcribed through the three points the 
'B, a, E, is the great circle required, | 1 
Or thus. Make the arc parc pg; a ruler on E Is 60. 
and p gives c in 4b produced. RE 1 
Then on c, with the radius ca deſcribe Bak. that 
For, As E is the projecting point, and y the projected pole; 5 
Therelore p is the pole of the circle AF to be projected. (44 
And Bax is the projection of the circle AF. | _ L 
Now C CE is L by half the arc Age. (II. 137) G 
But arc ABD=arc AdE: For Ap=(Bd=) dg; and pp Ad by con- 0 
ſtruction | "4 O % 
Therefore 2. AEC= £4 cat; and CE=Ca. (II, 104) ** 
Conſequently c is the center required. | Mak 
« Aru 
| | | in 
Biſeé 
and! 


64. PR OB. 
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64. yy ROBLEM.N. ..- 
A projefted circle being given; to find its poles, 


CASE 1. When the given circle ABB 1s the primi- — ** 
live. ; : 2 9 
Cox sr. Find the center Cy (IT. 70) and it i8 A _— 


the pole ſought. 


CasE 2. When the given circle ACB it right 


circle. 


Consr. Draw a Diameter ED at right 2 | 
to AB, and the ends or points D, E, of that ia- Af- 1 
meter are the poles required. ny 


65. Case 3. When the given circle ans is oblique. 
Coxs r. Through the interſeQions of the pri- 


mitive and oblique circles draw a diameter Ax, 
and another at right angles to AE, cutting the a 
given om" circle in s. 2 

A ruler by E and B gives 5; make bp, bg, each 
San arc of 9oꝰ. 

A ruler by E and p gives, in the diameter through B, the point P, 
which is the pole required, 

And a ruler by E and 9 gives, in CB continue, the point N for the 
other, or oppoſite or exterior pole. 

Make pD =pA ; then a A 2 by E * D gives, in BC continued, 
the point y, which is the center of the oblique circle ape. 

THe reaſon of this operation is evident from that of the laſt MO 


66. | PROBLEM IV. 


; _ any given projected pole, to deſcribe a circle at a given diflnce from 
that pole. 


Or, at a propeſed di aner from a given great circle, to deſcribe a parallel 


circle. 


Let v be the given pole, belonging to the given. great . DFE. | 
GENERAL SOLUTION. Through the given pale v, and c the ce fr 
of the primitiye circle, draw a diameter, and 8 DR: at right: an 
to it. 
A ruler on E and Þ gives þ in the primitive cirele. 
Make pa and ps, each equal to the propoſed diſtance from the pole. 
A N E and A, and then on E and n, will cut the diameter c 
ina and 5. 
Biſect ab in c; and on c as a center deſcribe a circle pling through a 
and ö, which "will be the circle n. 0 


£ Fe? . 4 % 


But 
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But when the parallel circle is to be at a propoſed 
diſtance from the given great circle DFE, 5 

Find p as before; and make pA=ps, equal to 
the complement of the. propoſed diſtance ; the teſt B 
as before, | 5 


For p is the pole, the projection of which is p. (44) 
But p is the pole of a circle, the diameter of which 
AB is projected in 46. (12) 


Therefore c, the middle of ab, is the center of _ a D 
the projected circle. (39) xl | 


67. The firſt caſe is readily done, by deſcribing the 75 5 * 5. 
ſmall circle about the center of the primitive circle 
with the tangent of half its diſtance from the pole p, 


68. The ſecond caſe is ſooneſt performed thus, 


From the points A, B, (found as above) with Y. 
the rangent of their diſtance from p, the pole of, (cp A 
the right circle, deſcribe arcs cutting in c, which | ©. /}. 
is the center of a ſmall circle parallel to the right NN., 
Circle DFE. "Il 


For ap is the tangent of the arc Ap. (58) 


"Oy PROBLEM V. 


The primitive circle, and the projection of a ſmall circle, being B 1 0 
find the Fil of that ſmall circle. Aka 2 "1.5. Ol 


Let c be the center of the primitive circle, and An a projected ſmall 
circle, the center of which is c, and radius eB, | 
* GentrAL SoLUTION. Through c the center of the ſmall circle, and 
Cc the center of the primitive, draw a diameter CF, and another, CE, at 
right angles to it, endl 

Find the projected diameter Bbg ach. des +5 

Lines drawn'from Khrough B and 6, cut the primitive circle in a, 
d; then biſeQ the arc ad in p. 

A ruler by E and p cuts the diameter Bb in r, the pole ſought. 


The truth of this conſtruction is evident by that of the laſt Prob. 
70. PR 
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0s PROBLEM VI. ! 

To meaſure any are of a projected great circle: Or, in @ given projefied 
great circle, to take an arc of a given number of degrees. - 
GENERAL SOLUT10N. Find the pole of the given circle, (64) 
From that pole draw lines through the ends of the propoſed ate, 

cutting the primitive circle. | | 

Then the intercepted arc of the primitive circle applied to the ſcale 
of chords will give the meaſure ſought. 

Thus, if aB be the arc to be meaſured, and Þ the pole of the given 
circle DAF. ; | | 

Then lines drawn from Þ through Aa and x, give the arc ab in the 
primitive circle, correſponding to An in the projected circle. 

Now if an arc of a given number of degrees 
was to be taken from a given.point A, in the given 
projected circle DAF, | 358 

Draw, from the pole p, through A, the line Pa 
to the primitive circle. 

Apply the given number of degrees from à to 5. 
Draw Pb, and the intercepted are àB will con- 
tain the degrees propoſed. . 

71. Any number of degrees is teadily applied to 
a right circle by the ſcale of half tangents. Thus 

When the diſtance of the point a from the cen- 
ter C is known, and the given quantity of the arc 
is to be laid from A towards g; D 

To the known diſtance Ca add the propoſed 
arc AB, the degrees in the ſum taken from the 
ſcale of half-tangents, and laid from c to B, will 
make the arc AB equal to the degrees propoſed. 

But when the arc AB is to be laid from A to- 
wards D; * 

Then the difference between the arcs AB and 
AC, taken from the ſcale of half-tangents and laid 
towards D from C to B, will make the arc AB equal 
to the degrees propoſed. 

he reaſon of all theſe operations is evident 
from art. 20-3 . | 

Note, Ihe half, or ſemi-tangents, are only the tangents, of half the 
arcs the ſcale of tangents is made to; their conſtruction depends on art. 48. 
On the plane ſcale they arg put under the Tangents, and marked s. r. 


7% PROBLEM VI. - 
To meaſure any projected ſpherical angle. 
GENERAL SOLUTION. Find the poles of the two circles which form 
the angle (64); and from the angular point draw lines through thoſe 
poles to cut the primitive circle. A 6 els 4 
hen the meaſure of that angle, if acute, will be the intercepted arc 
of the primitive circle ; or the ſupplement of thatarc will be the mea- 


ſure of the angle when obtuſe. 

Let the propoſed angle DAB; formed by the great circles aD, an, the 
poles of which are c and v; and lines drawn Tom the angul: r point a, 
trough the poles c and r, cut the primitive circle in E and p. itt, 


SPHERIC!S. 


_ 3ſt. When the angle is formed 3 the l and oblique cirles, 

Then the arc pE meaſures the acute angle DAB. 

But the obtuſe angle BAF is meaſured by the ſupplement of px. 

2d, When the angle is formed by right and oblique circles — 
in the primitive's circumference. 

Then the arc pe meaſures the angle DAB, 

2d. When the angle is formed by right and oblique circles n 
within the primitive cirele. 

Then the arc pt meaſures the acute angle DAB. 

But the obtuſe angle DAF is meaſured by the ſupplement of pr. 

4. When tbe angle is formed by two oblique circles — * 
the primitive circle. 

Ihen the acute angle DAB is meaſured by the arc px. 

But the ſupplement of pE meaſures the obtuſe angle DaF, 


For, as the angular point A is in both circles, and g0® diſtant from 
their poles c and Þ (19). Therefore a great circle deſcribed about 
A, as a pole, will paſs through the poles c and p. 

And lines drawn from a thiough'c and p, cut off, in the circumſe- 
rence of the plane of projection, an arc equal to the diitance of the 


poles c and p. (57 
But the meaſure of the diſtance of the poles c, P, is equal to the in- 

clination of the planes of the circles Ap, an; ' | (33) 
And conſequently meaſures the angle DaB., 

73. | PROBLEM VII. 


Through a given point in any projefted great circle, to 45 ſcribe anither 
great circle at right anglis to the given one. 


GENERAL SOLUTION, Find the pole of the given 


circle. (64) 
Then a great circle defectbet through that pole 


and the given point will be at right. angles to OG) 


given circle. 

Let the given progeny great circle be BAD 3 
and A the given point. 

iſ. When BAD is the primitive cirele, the pl of 


which is P. . at 
A — e 4 will be perpendicular to 104 
BAD. (I. 136) 6. i — 


2d. When BAD if right as the poles of whey" 
are P and c. 
An oblique circle deſcribed through the points 
c, A, P, (U. 72) will be at right angles to BAD, 
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2 Mpen BAD 1s an r = . 2 r tobich 


an. 34. 


10 PROBLEM 1X. 


Through any aſſigned point in a given projefied great circle to dſerite an- 
ther great circle cutting the former in an angle of a given number of degrees. 


Let e be a given point in any great circle APB. 


1ſt. hen avs is the primitive circle, 

Through the given point p draw a diameter PE, 
and draw the diameter AB at right angles to PE. 

Draw PD cutting AB in D, fo that the angle 
cep be equal to the angle propoſed. A 

On po with the radius Dy deſcribe the great cir- 
cle PFE. | 

Then will the angle APF contain the giren de- 
grees. 


For the 4FPA=angle made by the radii PC, PD. (49) 
And p being equally diſtant from v and E, is the center . 


75. Or thus, Make cn equal to the tangent of the given angle to 
the radius cp. 


Or, Make pp equal to the ſecant of that angle. 


15. 2d. When aps is a right circle. 

raw a diameter GH at right angles to APB. | 
Then a ruler by & and Þ gives @ in the primitive l 

circle. GEN 
Make nb=2 Aa; a ruler by 6 and þ gives c in aj. 
Draw cp at right angles to AB. - 
Draw yp cutting CD in p, ſo that the Leo D 

= complement of the degrees given. (Il. 84 ; 
On Þ with the radius Dy deſcribe a cirele rye; which wil bes | cons 

circle making with APB the de Apr as required, 


"Ns C is the center of a great circle or n, by the n 
Iſt. 03 
C ) 


And the centers of all great circles through 7, will be i in eb. 
Therefore CAF Of LIE ( 26), the compl. of cyD, is the angle fought 


Now z. DPE=go?, 
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F. 3d. When APB is an oblique circle. | 

| rom the given point P, draw the lines PG, pc, 

through the centers of the primitive and given ob- 

Jique circles, and through c the center of aps draw 


CD at right angles to PG. (II. 50) 
Draw yD, making the Z cp = given degrees; 
and cutting CD in v. (II. 84) 


From p with the radius Dr, a circle rye being | 
deſeribed, will be a great circle cutting Arx in the angle propoſed. 


Fox c, the center of APD, is in a line perpendicular to PG, drawn 
through v and the center of the primitive, by conſtruftion. _ 

And the centers of all great circles through y will be in cd. (55) 

Now the Z cn made by the radii pc, PD, contains the given degrees, 

Therefore the angle APF is equal to the angle required, (49) 


78. PROBLEM X 
Through any point in the plane of projection, or primitive circle, to deferity 
a great circle that ſhall cut a — Pla circle in — angle — 


vided the meaſure of that propoſed angle is not leſs than the diflance bitween tht 
given point and circle, 1 


Let the given poitit be a, through which a circle 
is to be deſcribed to cut a given great circle Bbc, 
the pole of which is y, in an angle equal to a pro- E/ y 
poſed number of degrees. 1 | *% 
GENERAL SOLUTION. About the given point nl 
as a pole, deſcribe a great circle EGF. (62 
About (r) the pole of the given circle nne, de- 
ſcribe a {mall cirele at a diſtance equal to the given 7 
angle, cutting the great circle xœr in G. (66) in vlan 
About the point G as a pole 462), deſcribe a great circle cutting the 
given cictle BDC in p. Then will apc be the angle required. 


Niete, Wherr the given angle is equal to the diſtance between ghe given 
poipt and circle, the problem is limited to one anſwer only ; When the 
meaſure of the angle is greater, the problem has two ſglutions by the 
circle deferibed cutting the given one in two points: But when the 
meaſure of the angle is leſs, the problem is impoſſible. This conſtruc- 
tion is thus proved. tha. 


= 


P and G are the poles of BC and AD. 


And 


ſt: 
ra 


| 


| 


*%. *© 
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And the Aiſtance of r and G is equal to the degrees in . 
angle, by conſtruction. But — 557 EW of Þ 1 . r 
Therefore the 4 Abe is the angle required. ct] 


79. When the required circle is to mate @ given angle with the 3 


Then, ſrom the center of the rimitive, with the. tang. of the giv 
angle, deſcribe an are; and wal, the given point A, wit the ſecant af 
the given angle, cut the former arc. N 

On this interfeQion, a circle being deſcribed through the given point 
4, will cut the primitive circle in the angle propoſed: 

Tunis depends on art. 75. | 


80. p RO BL E M 3 

Any great eld, cutting the primitive, being given, to deſeribe — groo 
circle, which ſhall cut the given one in a propoſed angle, and have 2 
intercepted between the primitive and given circles, 


let 3c be the primitive ci cke, the center of which is F 5. ang te 
given great Circle re the center of which is . 81971 
SOLUTION. Draw Aster EBD tight angles © 
to Abc; and make the angle br equal to the 
complement of the given angle; ſuppaſe = com- F 
plement of 36“. 
Make DF equal to the tangent of the given are " 
« (ſuppoſe 58®) ; and rom v, wich the „ | 
ac, deſcribe an are cg. 2 
Now when ADC is an oblique circle; from * 


the center of ADC, with the radius kr, cut the 
are Gg in . 


But when Abe is. a right circle ; through. F | 
draw FG parallel to ADC, cutting the arc Gg in G. 


From G, with the tangent DF, deſcribe an arc 
no, cutting ADC in 1; and draw 81. 8 


Through 6 and the center draw ox. cutting . 
the primitive circle in n, K 3 draw PL perpendi - *& 
cular to GK. z and 1L at right angles eke e Woke f e 


And 1. will be the center of a circle g through, u, 1, Kg. W hh 
vill be the great circle required. 


Then the £AIH=35? and arc ins sbe, as nee a5 


For or is the ſecant, and on is the tang· of the are Mt. (59) 
And as the triangles EGI, EFD, are congruous z 8 en 


r. 
"WV 


IL 101) 
But the 2 Ee made by the tangent of the are r ad) the 5 of 
arc AI, is the complement of the angle made by thoſe ares. . (400 


Conſequently the CA is the eomplement of 'Z'xpe. 


The center of the right cirele ac being foppoſet at än bah di- 


ſtance, therefore any circle rs deſcribed * that * will be pa- 
rallel to AC. 
When 


| av, the given circles in given angles. 


* 


£44 SPHERICS. Book IV. 


When the given are is more than 90®, the tangent and ſecant of its 
ſupplement is to be applied on the line DF the contrary way, or towards 
the watch the former conſtruction being reckoned to the left. 


81. | PROBLEM XII. 


Any great circle in the Plane of projettion being given; to deſcribe 1 
great circle, which Hall make given angles with the primitive and given circle. 


Let the given great cirele be Ape, and its pole 2 8 | 


SoLUT10N. About p, the pole of the primitive cir- 
cle, deſcribe an arc mn, at the diſtance of as many 
degrees, as are in the angle which the required Cir- 
cle is to make with the primitive: Suppoſe 629. (67) © 
About Q, the pole of the other given circle, and 
at a diſtance equal to the meaſure of the angle 
which the required circle is to make with the given 
circle Abe (ſuppoſe 489), deſcribe an are on, cut- 


ting mn in u. (66) 
About u, as a pole, deſcribe the great circle EDr, 
cutting the given circles in x and 5p. (62) 


Then is the angle atv = 62%; and Apa 480 B £ 


For the diſtance of-the poles of any two great 
circles, is equal to the angle which thoſe circles 
make with one another. | ( 3 3)-\ 

fs e aw wort. - 

| Ryman. The erik Problem, which is particularly uſeful:in con- 

ſtructing a ſpherical triangle, in which are given two angles umi ais i- 

Pate to one of then, includes only two caſes of a more hone Problem, 
VIZ. 3 

g * tad great circles — given in Abe + fo Adferibe a "_ wh 

Hall cut one of theſe given in an angle Propoſed, and have a r re wet 

cepted between the given circles. 

Alſo the 12th Problem, uſcd' when the fre argits a are ziven, con 

tains only two caſes of another A viz. | 


Any twi great circles being TIT in A 2 e e _ 


4 


The: ſolution of theſe two general Problems not vai alta in any 
part of this work; it was not thought neceſſary here ta annex. them; 
more having been 5 delivered in the preceding pages than it is 
'bſual to meet with on this ſubject. However, their loads is _— 
BEEN a exerciſes to «ed OR. 
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'SECTION IV. 
8 pherical Trigonometry. 


DEFINITIONS. 


82. SpHERIC TRIGONOMETRY is the art of computing the meaſures 
df the ſides and angles of ſuch triangles as are formed on the ſurface of a 
ſphere, by the mutual interſeCtions of three great circles deſcribed thereon, 


83. A SpHERIC TRIANGLE conſiſts of three ſides and three angles, 


The meaſures of unknown ſides or angles of ſpheric triangles are 
eſtimated by the relations between the fines, or the tangents, or the ſe- 
cants, of the ſides or angles known, and of thoſe that are unknown. 


S4. A Ricnr Ax ED SH ERIC Trianci has one right angle: 
The ſides about the right angle are called Legs; and the fide oppolite 
to the right angle is called the Hypothenuſe. 


85. A QUADRANTAL SPHERIC TRIANGLE has one fide equa 
ninety degrees. i 


85. An OBL1Que SrRERIC TRIANGLE has all its angles oblique 


87. The CI xcul AR PAR rs of a triangle, are the arcs which mea« 
ſure its ſides and angles. 


88. Two ſpheric triangles are ſaid to be ſupplements to one another, 
when the ſides and angles of the one are reſpective ſupplements of the 
angles and ſides of the other: And one, in regard to the other, is 
calied the ſupplemental triangle, | | | 


89. Two arcs or angles, when compared together, are ſaid to be 
alike, or of the ſame kind, when both are acute, or leſs than go?, or 
when both are obtuſe, or greater than go? : But when one is greater 
and the other leſs than 90, they are ſaid to be unlike. | 


The leſſer circles of the ſphere do not enter into Trigonometrical 
computations, becauſe of the diyerfity of their radii. 


4 
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EE TT LON. Y, 
Sypberical Theorems, 
90 THEOREM I. 


In every ſpheric triangle (Ahe), equal angles (B, c) are oppoſite to equal 
fodes (ac, AB): And equal ſides (à B, Ac) are oppoſite to equal angles (e, B). 


Dem. Since AB = Ac, make AE = Ap; and A 

draw BD, CE. 

Then is BD=CE; and AEC ADB. (27) E D 
For the triangles AEC, ADB are congruous, 
Since ABZAC; ADZAE; Z. A common. 0 


Alſo, the triangles Bc, CDB are congruous, (27) B 
Thereſore / EBC=/Z_DCB. 


For EC=BD; EB= (AB—A&E=) DC (=AC—AD). (II. 48) 
And /_BEC=7.CDB, they being the ſuppl. of equal angles AEC, ADB. 
Again, if Z4BC=/Z ACcB: Then is aB=ac. . 

For take BE=CD; and deſcribe the arcs CE, BD. 

Then is EC=DB, Z.BECZZ.CDB; . 4 BCE= Z.CBD» (27) 


For A*BCE= A CBD; ſince BC is common, BE =CD, Z.EBC=Z/ DCB. 
Allo the triangles ABD, ACE ate congruous, | 
Since ECS DB, LACE = (ZA CEA) / ABD (= en 
(II. 4 
And / AEc= (ſup. BEC) CA (S ſup. ep). (II. 48) 
Therefore AE AD; and AB=(AE+EB=) Ac (ZaD+DC). (II. 47) 


91. CoroL. A line drawn from thè vertex of an iſoſceles ſpheric tri- 
angle, to the middle of the baſe, is perpendicular to the baſe. 
This is eaſily proved from art. 90, 27. 


92. THEOREM H. 
Either fide of a ſpheric triangle is leſs than the ſum of the other two ſides. 


Dem. For on the ſurface of the ſphere, the ſhorteſt diſtance between 
two points, is an arc of a great circle paſſing through thoſe points. (23) 
But each fide of a ſpheric triangle is an arc of a great circle. (10) 
Therefore either fide being the ſhorteſt diſtance between its extremt- 
ties, is leſs than the ſum of the other two ſides, + 


93. THEOREM. H. | ; 
Each fide of a ſpheric triangle is leſs than a ſemicircle, or 180 degrees. 

Dem. Two great circles interſe& each other twice at the diſtance of 

180 degrees. 0 (32) 
The ſides about any ſpheric angle are arcs of two great circles. (10) 
But a ſpheric triangle has three ſides. / 

| Therefore every two ſules before their ſecond meeting muſt be inter- 

fected by the third fide. | 
Conſequently each fide is leſs than a ſemicircle. 


* 'The mark A ſtands for the word triangle: 
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90 THEOREM lv. 


In every ſpheric triangle (aBc) the greateſt fide (Bc) is oppoſite to the 
greateſl angle (A). | | 
A 
Dem. Make / BAD=/ ABC. 
Then aD=8BD (90); and Bc ADD. 
But ap De is greater than Ac. (92) 
Therefore BC is greater than Ac, 2 


THEOREM v. ® 5 


95. 

If from the three angles of a ſpheric triangle (A Bc), as poles, be deſcribed 
three ares of great circles, forming another ſpheric triangle (EDE) ; then wall 
the ſides of the latter, and the oppoſite angles of the yoann be the ſupplements 
ef one another : Alſo the angles in the latter, and their oppoſite ſides in the for- 
mer, are the ſupplements of one another. 


That is, FE and Cc, FD and Z ABC, DE 
and Z ACB, are ſupplements to one another. 
Alſo ZE and Ac, Zo and en, Zr and AB, are 
the ſupplements to one another. 
Dru. The interſection E of the arcs about the 


poles 4 and c, being go? diſtant from them, is 


the pole of the arc AC. (19) g 
And for the ſame reaſon, p is the pole of cs, P 
and F of AB. | 


Let the fides of the triangle aBc be produced to meet the ſides of the 
triangle DEF in G and H, 1andL, M and N, 


Then FI = DL'= 90® ; Therefore (pL 4 FI = DL TFL T II ) 
vr +11 = 180% | (II. 47) 
Therefore DF and L1 are ſupplements to one another. 
But LI meaſures the angle asc. | (9) 
Therefore /_ABC and DF are the ſupplements to one another. 
And in the ſame manner it may be demonſtrated, that the HAC and 
FE, ACB and DE, are the ſupplements of one another, | 
Again, fince BI AH go degrees; (19) 
Therefore (1B + AH=1B+BH+ aB=) IH+ AB=180 degrees. 


But 1H meaſures the angle ; (9) 


Therefore AB and Ex are the ſupplements of one another. 
And the ſame may be ſhewn of ac and E, cB and / b. 


96 THEOREM VL 


The ſum of the three ſides of every ſpheric triangle (apc) is leſs than a cir- 
cumference, or 360 degrees, 


Deu. Continue the ſides ac, AB, till they meet 2 


in D. | 12 
Then the arcs ACD, ABD, are each 180% (32) Fd 'A 
But oc I B i | Hit > by 
s greater than Bc. (92) D 
herefore Ac + AB + DC + DB is greater tan 3 
Ac ABT RC. (TA meds Bo! ei 185 We 

Or the femicircles acD + ABD is greater than A&+AB+BC, 

That is, 360 is greater than the three ſides of the triangle anc, 


2 * L 2 97. TH E- 
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97. THEOREM. vn. 


The ſum of the three angles of a ſpheric triangle (ABC) is greater than tun 
right angles, and leſs than fix ; or will always fall between 180 and 540 
degrees, | 


Dem. Since CA and FE, /:B and FD, /_C and 
DE, are ſupplements to one another, (95) 
Therefore the three angles A, B, c, together with 
the three ſides FE,FD,DE make thrice 180, or 5409, 
Now the ſum of the three ſides FE HFD TDR, 
is leſs than twice 1809. (96) 
Therefore the ſum of the three angles a-þB-þc F 
is greater than 1809. | 
Again, as a ſpheric angle is ever leſs than 180; 24 
Therefore the ſum of any three ſpheric angles is ever leſs than thrice 
180%, or 540 degrees. 


98. | THEOREM VII. 

: Tf one fide (aB) of a ſpheric triangle (ABC) be produced, then the outward 
angle (CBD) is either equal to, leſs, or greater than the inward oppaſite 
angle (A) adjacent to that ſide; according to the ſum of the other two ſides 
(CA+CB) 15 equal to, greater, or leſs than 180 degrees. 


Dem. Produce AC, AB, to meet in D. 


Then arc ACDZarc ABD=1809?. (32) 6 - 
And ID = LA. | 1 
Nowif ac +cB is equal to 180? then g . 
And 4cBp=(4AD=)Z/ A. ' (90) D A 
If Accs is greater than 1809 then cg is B 
greater than cD. 
And / CBD is leſs than (4,D=) ZA. (94) 
If ac+cs is leſs than 180“; then cs is leſs than op. (94) 
And /_ csD is greater than (CD) LA. 
99. THEOREM IX. | 


In riabt angled ſpheric triangles, the obligue angles and their oppoſite ſider 
are of the ſame kind : That ts, if a leg is leſs or greater than 900, us oppoſite 
angle is alſa leſi or greater than 90. 

In the right angled ſpheric triangle ABc, right cp 


If Ac is greater than 90?; then ZABC is greater 
than 90. 


If Ac is leſs than qoꝰ; then CAzc is leſs than go®. t 
Deu. Let the leg AC be leſs, aD equal, Ac ] 
greater, than 90“, and deſeribe the arc Dx. 
Now Þ being the pole of AB (37). Therefore 
Z.DBA is right. a | 4 


Conſequently if 4c is leſs than AD, the CA is leſs than Z DBA. 
But if AC is greater than Ap, the /.cBA is greater than Z DBA. 
And the fame may be proved of the leg av and its oppoſite angle. 
A 2 ; 100. T HE O- 


* 
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1co. THEOREM X. 


In right angled ſpheric triangles (BAC), the hyphothenuſe (Bc) is leſs than 
oo, when the legs (AB, ac) are of a like hind: But the bypothenuſe. is 
greater than 909, when the legs are of different kinds, 


1ſt. Whenthe legs AB, Ac, are both leſs thango?. wn 
Deu. In BA, AC oroduced, take BD, AF equal to F TY 
quadrants ; though F and p deſcribe an arc o : 
meeting BC produced in E. 

Now F being the pole of 3p (19). Therefore B 
is the pole of ED. 

Conſequently BC is leſs than (r=) gov. 


2d. When the legs AB, AC, are both greater - 
than 900. 4 

Produce Ac, AB, till they meet in vp. wo 

Now the hypothenuſe cs is common to both the 
right angled triangles BAC and BDC. BN 

And the legs be, DB, being both leſs than go®9. 

Therefore the hypthenuſe BC is leſs than 90, 
by the 1ſt caſe of this Theorem. 


3d. When the legs AB, AC, are one greater, the Ch 
other leſs than go®. ES, 


In AB, and AC produced, take BD, AF each ; E | 
of 90®, and deſcribe the arc FED. dnt te | 
Then Bis the pole of FD; and ſince F is the pole A 


of BA, and FD is at right angles to BD; Therefore 


BE =9O, (3) 
Conſequently BC is greater than 90 degrees. 


101. CoroL. I. The hypothenuſe is leſs or greater than go?, ac- 
cording as the oblique angles are of a like, or of different kinds. 

For if legs are like, or unlike, the angles are like or unlike (99) 

And if legs are like, or unlike, the hypoth. is acute, or obtuſe. 428 

Therefore if the angles are like, the hypothenuſe is acute, or leſs 
than 909; but if unlike, the hypothenuſe is obtuſe, or greater than go®. 


102. CoRoL. II. The legs and their adjacent angles are like, or un- 
like, as the hypothenuſe is leſs, or greater than go degrees. 

For like legs, or like angles, make'the hypothenuſe acute (by 1ſt a 
2d of 100). | 

And unlike legs, or unlike angles, make the Nan obtuſe (by 
zd of 100 and 101). 


103. CoroL. III. A leg and its oppoſite * are both acute, or 
— obtuſe, according as the hypothenuſe and other leg are like, or un- 
ike 


This is evident from the three caſes of this Theorem. 


104. CoRor. IV. Either angle i is acute, or obtuſc, as the hypothen | 
and the other angle are like, or unlike. 
T his follows from calc iſt and 2d of this Theorem. 


L3 105, THEO- 
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105. neee Ab 

In every ſpheric triangle (ABC), if the angles adjacent to either ſide (aB) be 
alike, then a perpendicular (CD) drawn to that fide from the other angle, will 
fall within the triangle: But the perpendicular (cp) falls without the triangle, 
when the angles adjacent to the fide (AB) it falls on are unlike. 

DemoNnsT. Since in all right angled triangles 
the perpendicular and its oppoſite angle are of the 
lame kind. (99) 

Therefore the c AD and CBD, are each like cp. 

Now in Fig. 1. the angles cAD, c, or CAB, 
CBA, are angles adjacent to the baſe AB within th 
triangle, and are therefore alike, x 

T herefore the perpendicular falling between A 
and B, falls within the triangle. 

In Fig. 2. the angles CAD and CAB are the ſup- 
plements of each other, and are thereſore unlike, 
as CA falls obliquely on AB. 

Therefore 4.CAB is unlike to CBA. 

Conſequently the perpendicular cp cannot fall 
between A and B: Therefore it muſt fall without. 
106. THEOREM XII. | 

If the two I:ſſer ſides (CA, CB) of a ſpheric triangle (aBc) are of the ſame 
kind; then an arc (CD) drawn from their included angle (Ac B) perpendicular 
to the opp»ſite fide (AB), will fall within the triangle. | 0 

DEMoNnsT. In AB take AFZac; draw CF, = 
and AH at right angles to CF. 

Then cH=HnFr(91)areeach leſs than goo. (93) 

Alſo take BE=BC ; draw CE and BG at right C. 
angles to CE. R 

Then c6=6E (91) are each leſs than gov. (93) | | 

No in the right angled triangles FHA, EGB; if the hypothenuſes 
AF (=AC), and BE (=BC) are acute, or like FH and EG; 

1 hen the angles AFH and BEG are acute, and like ac and Bc; (103) 

Therefore the perpendicular cp falls on EF, within the triangle. (105) 

Alſo if the hypothenuſes AF and BE are obtuſe, or unlike to FH and 
GE; lt Ke 

Thenthe angles AFHandBEGareobtuſe, and alſo like Ca and CB. (103) 


Conſequently the perpendicular will fall on EF. - (105) 
Therefore in either caſe the 77 4 falls within the triangle. 
I THEOREM XIII. 


07. 
In all right angled ſpheric triangles, 
As, fine bypoth. : Rad.: : fine of a leg: fine of its oppoſite angle. 
108. And ſine a leg: Rad, : : tan. other leg : tan. of its oppoſite angle. Pl. I. 
Druoxsr. Let EDAFG repreſent the eighth part of a ſphere, where 
the quadrantal planes EDFG, EDBC, are both perpendicular to the qua- 
- drantal plane ADB; and the quadrantal plane Apoc is perpendict 
to the quadrantal plane EDG: and the ſpheric triangle ABC 1s right 
_— at B, where CA is the hypothenuie, and 34, BC, are the legs. 
To the arcs or, ch, draw the tangents Hr, on, and the fines GM 
cr, on the radii pr, DB; alſo draw BL the ſine of the arc AB, and cx 
the ſine of Ac; then join IK and or, Nov 
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Now HF, OB, GM, CT, are all perpendicular to the plane aDFB. 
And HD, CK, OL, lie all in the ſame plane ApGc, 
Alſo FD, Ik, BL, lie all in the ſame plane apes. 

Therefore the right angled triangles rp, CIK, oBL, having the 
equal angles Hor, CK1, OLB, (II. 199) are ſimilar. (IT: 167) | 
Therefore ck : De 2£# k GM.” 
That is, As fin. hyp. : Rad. :: fin. of a leg : fin. opp. angle. 
For GM is the ſine of the arc GF, which meaſures the angle can. (9) 
Alſo, As 3 ©: DF: 10 In TERRI 
That is, As fin ofa leg: Rad : : tan. of other leg: tan, opp. angle. 


109. THEOREM XIV. | 

In right angled ſpheric triangles (aBc) if abeut the oblique angles (A, c) 
at poles, at go? diſtance,” there be deſcribed arcs (DE, FE) cutting one another 
(in E); and the ſides (ag, AC, Bc) of the triangle be produced ts cut thoſe 
arcs (in D; O, ; H, 1), there will be conſlituted two other triangles (CGH, 
HIE), the parts of which are either equal to, or are the complements c the 
parts of the given triangle (anc). Pl. I. | 


DemonsT, Now ſince A is the pole of Ep (19), Therefore AD, 40 


are at right angles to ED; and ſo is ED to AD. (37) 
And ſince BI and DE are at right angles to Ab, their interſection 4 
is the pole of ap (36). Therefore HB, HD are quadrants. (35) 


Then in the triangle con, right angled at o. 
co =complement of ac. 

HG=comp. A; For HG is the comp. of 6D, which (9) mea. E. A. 
HC the hypoth. is the comp. of cs, . 
The /HCG==/_ACB, (26) 

The 4 cuGm=comp. AB : For BD, the comp. of an, meaſures / cas. 
Alſo in the triangle EIn, right angled at 1 : Becauſe cr, ci are at 
right angles to EF; and EF, EG being alſo at right angles to Ar; therefore 
E is the pole of Ar; (36) conſequently EF and EG are quadrants. (35) 
Then the hypoth. EH#=4 A; For GH=comp. of EH and GD ; and 
GD meaſures the angle A. | 
HI=CB; for He comp. of Hi and cn. 
EIS comp. c; For £1=comp. of ir, which meaſyyes Cc. 
The CH comp. AB ;, For BD, the comp. of as, meaſures H. 
The LRS HA; For Gr, the meaſure of C E, is equal to 4 Ac, 


110, THEOREM XV. 

In every ſpheric triangle, it will be, 

As the fine of either angle, is to the ſine of its oppoſite ſide; 
So is the ſine of another angle, to the fine of its oppoſite ſide. 

Let aBc be a ſpheric triangle, where BD is 3 
perpendicular to Ac produced; forming the two 
right angled triangles ADB, CDB. 7 
Dem. Now fin. AB: rad : : fin. BD: fin. C A. (107) 


And ſin. nc: rad : : fin. BD: ſin. c. * 4 
Therefore fin. AB x fin. Z A =rad & fin. BD. (IE 162) 
And fin. gc x fin. 4c =rad x lin. BD. s II. 162) 
Therefore fin. AB x fin. Za=fin. ge x ſin. 4c. * (II. 46) 
Therefore fin. . A: fin. 8c: : fin. LC: fin. AB. (II, 163) 
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S E C TION V.. 
Of the Solution of right angled ſpheric Triangles, 


In every caſe of right angled ſpheric triangles, three things beſide the 
radius enter the proportion, of which two are given, and the third is 
ſought. | 

Now the ſolution of every caſe will be obtained by the application of 
the two following rules to Theorem XIII. and XIV. (107, 108, 109.) 


111. RULE I. If of the three things concerned, or their complements, 
two are oppoſite to one another, and the third is oppoſite to the. right 
angle, in one of the triangles marked 1, 2, 3, in the fig. to Theo, XIV. 
Pl. I. Then the thing ſought will be ſound by the firſt proportion (107) 
cither directly, or by inverſion, 9 


112. RULE II. If of the three things concerned, or their comple. 
ments, two are ſides and the third is an oblique angle, in either of the 
three triangles marked 1, 2, 3, in fig. to Theo. XIV. Pl. I. I ben the 
thing ſought will be {ound by the ſecond proportion (108) either directly, 
or by inverſion, | 


113. ee | 
- the right angled ſpheric triangle aBc, Plate I. Theorem XIV. 
ven the hypothenuſe ac | | 
and one of the legs AB required the reſt. 
1ſt. To find the angle Ac B eppeſite the given leg AB. | 
Here the things concerned are Ac, 4B, AB, c; which are found 
in the triangle, N? 1, to be oppoſite ; and ſo fall under Rule I, (111) 
Then fin, ac :rad:;lin. AB: fin. LACB. 107) 
Or fin. hyp. : rad: : ſin. g. leg; ſin. op. C. Like the g. leg. (99) 
2d. To find the angle CAB adjacent to the given leg AB. 
Here the things concerned are Ac, CB, AB, £ A. | 
Now trying in the triangle, Ne 1. I find the things concerned will 
fall under neither of the Rules. * 
But trying in the triangle, Ne 2, the things concerned, or their cm- 
lements, fall under Eule II. W - (112) 
Then fin. HG : rad: : tan. GC: tan. £CHG. ; (108) 
Or col. /.CAB: rad; : cot. Ac: cot. AB. | 
Or col. c AB: cot. AC : : (rad: cot. AB) :; tan. AB: rad. (III. 36) 
Thereforę rad: cot. hyp. ; : tan. g. leg: coſ. adj. angle. (IL 145) 
Like, or unlike the given leg; as the hyp. is acute, or obtuſe. (102) 
2d. To find the other leg BC. | | . 
Here the things concerned are Ac, ZB, AB, BC; which in the tri- 
angle, Ne 1, do not fallander either Rule: But in N? 2 they will be 
found to fall under the firſt Rule. (4111) 
Then fin. HE: rad: : fin. CG : fin che. (107) 
Or cot. c: rad : : coſ. Ac: col. AB. TI 
"Therefore col. g. leg (AB): rad : : cof. hyp. (ac): col. req. leg (cs). 
And is acute, if hyp. and given leg are like; but obtuſe, if unlike. (103) 
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114+ PROBLEM II. 
In the right angled ſpheric triangle aBCc.. Pl. I. Theorem XIV. 
Given the hypothenuſe Ac ITY 
And one of the oblique angles A [ Required the reſt. 5. * 5 


1ſt. To find the leg cn oppoſite to the given angle A, 
In the triangle, No 1. the things concerned fall under Rule I. (111) 


Than rad: ſin. AC: : lin. CAR; ſin. CB. 25 (107 
Or rad: fin. hyp.: 1 * given angle; ſin. opp· ſide. f | | 
And is like the given angle. | | (99) 
2d. To find the leg A B adjacent to the given werle ts | 
In the triangle, No 2. the things concerned fall under Rule Il (11 12) 
Then ſin. 4G : rad. : : tan. c; tan. H. | (108) 
Or cof. BAC; rad. :: (cot. Ac: cot. AB : :) tan. AB: tan. AC. (II 


370 | 

Therefore trad.: tan, AC:: coſ. / BAC : tan. Al. | 
Or rad, : tan. byp. : : col. given angle: tan. adjacent og, 2 | 
And isacute, if hyp. and given angle are alike 3 but obtuſe if unlike, (104) 


zd. To find the other angle Ac B. 

In the triangle, N® 2. the things concerned fall under Rule IL (112) 

hen fin. c: rad, ; : tan. GH : tan. £ HCG, | 3 (108) 

Or col. Ac: rad. :: cot. C HAC: tan. LHA: :) cot. £BCA ; tan. EZ BAC. 
(UL 37) 

Therefore rad.: tan. . 5e : coſ. Ac: cot. CH. 145) 

Or rad. : coſ. hyp. :: tan. given angle: cot. req. angle. 

And is acute, if hyp. and given angle are alike; but obtuſe, if unlike. - 


(04) 
115. PROBLEM. II. 
In the right angled ſpheric triangle aBc. Plate I. Theorem XIV. 


Given one of the legs AB 
And its oppoſite angle acB : Required the reſt, 


1ſt. To find the bypothenuſe A c. 

In the triangle, N® 1. the things 3 fal under Rule L ( 111) 
Then fin. ZacB: in. AB:: rad:: ſin. AC. - 410107) 
Or ſin. given angle: fin; given leg: : rad.; fin. yr. bn 0 

And is either acute or obtuſe. J : 1 


2d. To find the other leg oB. 

In the triangle, N® 1. the things —— Rule I. ( 112) 
Then fin. R: (rad. ::) tan. AB (; tan-ACB) :: cot, CAcB: rad. (III. 36) 
Or rad. : cot. given angle: : ta, * aa lin, * 55 

And is either acute or obtuſe. 


3d. To find the other angle CAB... 

In the triangle, No 3. the things ba fan "has Rule 1. (111) 
Then fin. EH: rad. : : fin. EI: fin. 4188. (107) 
Or ſin, An Ac: rad. :: col. ZACB ; col, AB. 

Or col. given leg: col. given angle: : rad: fin. required angle. 

And is either acute or obtuſe, 


116. PR O. 
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wok PROBLEM iv. 
In the right angled ſpheric triangle ABC, Plate I, Theorem XIV. 


Give one of the legs AB 
And its adjacent angle BAc þ Requir ed the reſt, 


Iſt. To find the other angle BCA. | 

In the triangle No 3. the things concerned fall under Rule I. (111) 

Then rad. : fin.,EH : : fin. Z EHI: fin, EI. bn 

Or rad. 1 LBAC : : cof. AB : coſ. / AcB, F 

Therefore rad. : coſ. given leg : : fin, given angle: coſ. req. angle. 
And is like the given leg. (99) 


2d. To find the other leg Bc. 
In the triangle, N? 1. the things concerned fall under Rule II. (112) 


Then fin. AB: fad. : ; tan. Bc : tan. CAB» (108) 
Or rad. : fin, AB 7 tan. Lcan: dc 

: Therefore rad. : fin, given leg :: tan. given angle: tan. req, leg. 
And is like the given angle. 009) 

Za. To find the bypathenuſe Ac. 

In the triangle, N 2, the things concerned fall under Rule II. b 
Then fin. GH: rad: . ENS: (108) 
Ot coſ. /.CAB : rad. : : cot. ac : cot. AB. 


-: Therefore rad. : col. given angle : ; cot. given leg: cot, hypothenuſe. 
Andi is acute, if the giyen leg and angle are alike ; but obtule, if unlike, 
. (102) 


117. PROBLEM V. 


In the right angled ſpheric triangle ac, Plate I, Themen NV. 
Given both the legs AB, BC. 
Required the reſt. 


Iſt. To find either o 5 the oblique angles, as BAC. 

In the triangle;N*® 2. the things concerned fall under Rule n. (112) 

Then, as fin. AB: ve : 2 tan. BC : tan, CBAc. 3 
Or rad.: ſin. AB: : (tan. RAC: tan. Bc : :)cot. Bc: cot. RA. (III. 37) 
Therefore rad. : ſin. one leg : : cot. oth. leg: cot. opp. angle. 
And is like its oppoſite leg. (99) 


2d. To find the hypothenuſe AC. 
In the triangle, No 2, the things concerned fall under Rule I. (111) 
Then, As rad: : fin. HC :: fin. 4 cns : fin, co. * (107) 
Or rad. : coſ. Bc : : col. AB: col. Ac. 
. Therefore rad. : cof. one leg : : coſ. oth, leg: coſ. hypothenuſe. 
And is acute, if the. e-legs are alike, but ootuſe, if unlike. (100) 
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118. PROBLEM VI. 


In the right angled ſpherical triangle apc, Plate I. Theorem XIV 
Given both the angles Bac, BCA. | . 
Required the reſt. | 


iſt. To find either of the legs, as BC. 

In the triangle, Ne 2 or 3. the things concerned fall under Rule I. (111) 
Then, rad. : fin. nc :: fin. 2 ncs : fin. ns. on (107) 
Or rad.: coſ. BC :: ſin./ acB : Col. A Bac | | 
Therefore ſine of one angle: rad. : : coſ. oth. angle: coſ. oppoſite ſide. 


And is like its oppoſite angle. (99) 
2d. To ſind the . r Ac. | 

In the triangle, Nꝰ 2. the things concerned fall under Rule II. (112) 
Then, As fin. c: rad: : : tan. GH: tan. HCG. ». (108) 


Orcof. ac: (rad. ::) cot. RAC: tan. BCA) :: cot. BA: rad. (III. 36) 

Therefore rad. : cot. one angle :: cot. oth. angle: cof. hypothenuſe. 
And is acute, if the angles are like. '* (101) 
But obtuſe, if unlike. P94 I 


In theſe fix Problems are contained ſixteen proportions, which are 
applicable to the like number of caſes uſually given to right angled ſpheric 
triangles; and theſe proportions being collected and diſpoſed in a Table 
wn readily ſhew, by inſpection, how any of the caſes are to be ſolved. 

The celebrated Lord NEPIER, the inventor of logarithms, contrived 
a general rule, eaſy to be remembered, by which the ſolution of every 


cale in right angled ſpheric triangles is readily obtained, where the table 


of proportions is wanting; which rule is as follows, . _ 


GENERAL RULE. "= - 

119. Radius multiplied by the fine of the middle part, is either equal to the 
product of the tangents of extremes conjuntt, 55 

Or to the produtt of the ceſines of extremes diguntt, © 
Obſerving ever to uſe the complements of the hypoth. and angles. 

Lord Nepier called the five parts of every right angled ſpheric tri. 
angle, omitting the right angle, circular parts; which he thus diſtin - 
guiſhed ; the two legs, the complements of the i109 angles, and the comple- 
ment of the hypothenuſe; and =; two of theſe circular parts being given 
the others are to be ſound by this rule, as is ſhewn in what follows, 

Now, In all the proportions about right angled ſpheric triangles, there 
are, beſides the radius, three things concerned;' one of which may be 
called the middle term in reſpect of the other two; and theſe two, in 
reſpect of the middle term, may be called extremes. 

When the two extremes are joined to the middle, they are called ex- 
tremes conjuct: But when each of them is disjoined from the middle, 
by an intermediate term {not concerned), they are then called extremes 
disjunct; taking notice that the right angle does not dis join the legs. 

It the three parts under conſideration do all join, the middle one of 
thoſe three is readily ſeen, and the other two are extremes conjunct. 

But if only two of the three parts are joined, thoſe two are extremes 


Theſe 


} 


disjunct, and the other term is the middle part. 


— 
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Theſe things duly obſerved, the practice of the Rule will "Ppear in 
the following examples. 


ExAMPLE I. Ihen the hypothenuſe and the angles are concerntd. 


The hypoth. is the middle term, and the two angles are > extremes 
conjunct; then by the rule. | 
Rad. x fin. hyp.=tan, one angle x tan. other angle. 
But the comp. of the hypoth. and angles are always to be uſed, 
Therefore rad. x coſ. hyp. cot. one angle x cot. other angle. 
Hence rad. : cot. one angle: : cot. other angle: cof. hypoth. * 163 
From whence are deduced the 6th and 1 5th caſes. 


Ex4M. II. Ihen the hypethenuſe and legs are under conſideration, - 


(2 i The hypothenuſe is the middle term, and the two legs are extremes 
disjunct, having the angles between them and the hypothenuſe. - 
Ihen by the rule. Rad. x ſin. hyp. =col. one leg x col. other leg. 
But the complement of the hypothenuſe is to be uled. 

Therefore rad. x coſ. hypoth. =col. one leg x col. other leg. 

Hence rad. : col. one leg :: col. other leg: cof. hypoth. (II, 163) 

From whence are deduced the 3d and 13th caſes. 


Exam, III. The legs and an angle under conſideration. 


Here. the angle and: its oppoſite leg are extremes conjunct; and the 
other leg is the middle part. 

And theſe being reſolved into a proportion by the rule, will produce 
the 8th, 11th, and 14th caſes. | 


Exam. IV. The angles and a lig under conſideration. 


Here one angle i is the middle, and the other angle and leg are extremes 
disjunct, the hypothenuſe aud other leg intervening. 

Now theſe being reſolved into a proportion, give the gth, 12th, and 
16th caſes, | 


Ex Au. V. The ſypothennſe; pe he, and the angle between them, being 
under conſideration. 


Here the angle is the middle term, al the hypothenuſe and leg are 
extremes conjunct. 

And theſe being reſolved into a rieren will give the 2d, a0, 
and toth caſes. 


Ex AM. IV. The Ypothenuiſe, a a leg, ond its oppoſite | angle, being under 
conſideration. {4 | 
.__ Here the leg is the middle term, and the hypothenuſe and angle are 


extremes disjunct, the. other leg and other angle falling between them 


and the middle. 
And theſe being 'converted into a proportion, from thence the it, 
It, and 7th caſes are deduced, 


SECTION 


Bo 
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„ nne _ 
Of the Solution of oblique angled ſpheric Triangles. 


120. All the caſes in oblique angled ſpheric triangles; except where 
the three ſides, or the three angles are given, are moſt conveniently re- 
ſolved by drawing a perpendicular from one of the angles to its oppoſite 
ſide, continued if neceſſary; which perpendicular will either divide the 
given triangle into two right angled triangles, or make two that are 
right angled, by joining a right angled one to the given triangle. 

In drawing this perpendicular, obſerve, 5 Y 

1it. It muſt be drawn from the end of a given fide, and oppoſite to a 
given angle. | f 82-99 

24. It muſt be ſo drawn, that two of the given things in the oblique 
triangle may remain known in one of the right angled triangles. 

3d. This perpendicular is to be uſed as a known quantity ; and being 
drawn as here directed, will either fall within or without the triangle, 
as the angles, next the fide on which it falls, are of the ſame or of 
different kinds. | (105) 


121. PROBLEM I. 


In the oblique angled ſpheric triangle anc. | . Ws 
Given two fides CA,CB a Lo? 5 
And the angle opp. to one, A Requir. thereſt A 4. # 1 ? 


1ſt. To find the angle oppoſite to the other given ſide x 
(LCBA). | 
As ſin. Bc: fin. AB:: fin. Ac: fin.4.cBa.(110) A 5 —B 


Or, As fin. one ide : ſin. oppoſite angle : : fin. other ſide : fin. oppoſite angle. 
Il hich may be either acute or obtuſe. Reed, | | 


2d. To find the angle between the given ſides (L ACs). ox rf] 
Now rad: tan. c AB:: coſ. Ac: cot. (Acp, call it) m. (3d 114) 
Or rad: tan. given C:: coſ. adj. fide : cot. (of a fourth) m. 
And is acute, if AC and Cc AB are like: but obtuſe, if unlike. 1 00 


But rad.: tan. CD :: cot. Ac: coſ. (acb gm. (load 113) 
rad. : tan. CD :: cot. CB : coſ. (ac, call it) n "A 4 | 
Therefore cot. Ac: cot. cB :: cof. m: col. n. (II. 155) 


Or cot. fide adj. given E.: cot. other fide :: cof. m: cof. n. 
Ind is like the fide oppoſite the given angle, if that angle is acute; 
But unkke that fide, if the given angle is obtuſe. 


Then the angle ſought, viz. 4 ACB= 1 455 7 5 * 2 AA { 3 


_— _ * —— 1 th. * 
"_ * 


— 


: *The mark IJ. ſignifies the perpendicular, 3 
: 3d. To 


158 SPHERICS, Book IV. Wl © 
gd. To find the other fide AB. 


Now rad. : coſ. CAB :: tan. Ac: tan. (Ab, call it) u. (2d 114) 7 
Or rad. : coſ. given angle : : tan. adj. fide : tan. (of a fourth=) M. P 
Acute, if the angle and its adj. fide are alike; but obtuſe, if unlike, ] 
But col. CD : rad. : : coſ. Ac: coſ. (aD g) NM. b 
coſ. D: rad.:: cof. cp : coſ. (ps call it) x. (3d. 113) 
Therefore coſ. Ac: coſ. h:: coſ. M: coſ. x. IL 155) 127 
Or coſ. ſide adj. given angle: coſ. other ſide:: coſ. M: cof. x. | 
Like the fide oppoſite the given angle, if that angle be acute 1 
But unlike that ſide, if the angle be obtuſe. 3 
| —  ſumof M and x, if the I. falls within. 0 
Then the fide ſought AB= | diff. of M and N, if the Lei, without. 
But if CA=CB, or if Ag 180 cn, or if CA is between Bc and ; 
180—BCz / 
Then Lz is like * only. wit ( 
: ; ike en ZACB=mzn only; and AB= 
And if BC is oe TE =N only, W 1 f 
3 7 
122. DN n % 5 
In the oblique angled ſpheric triangle aBs. A 
Given two angles CARB, CAI Required 4 #; I 
Anda fide oppoſite one of them ac ] the reſt. 3 ? 
1ſt, To find the fide oppoſite the ether given angle, l 
VIZ. CB. | A D- 0. 21g 
Then, As ſin. CA: fin. Ac :: fin. ZAB: fin. cn. - (110) 2 
Or ſin. one angle: fin. oppoſite fide : * ſin. other angle: ſin. oppoſite ſide. 4 
Which may be either acute or obtuſe. q 
2d. To find the fide included by the given angles, viz. AB. ] 
Now rad: : coſ. Z AB:: tan. Ac: tan. (Ap, call it) Mx. (II. 114) ; 
Or rad. : cof. Cadj. given fide : : tan. the given fide : tan. (of a fourth ) M. 
Like the angle adj, the fide given, if that ſide is acute; but unlike, if obtuſe. : 
But rad. : tan. :: cot. AB: fin. (ab) mM. 
rad. : tan. CD :: cot. /.cBD : fin. (DB, call it) N. (2d 115) 
2 2 Z.CAB : Cot. Z.CBD : : ſin. M: (in. N. (II. 155) 
r cot. /.adj. given ſide: cot. other angle : : fin. M: ſin. x. 
Which may be either acute or obtuſe. 33 I 
yum of M and x, if the given angles are alike. 
Then fide ſought A j diff. of M and v, F the given angles are unlike, 
3d. To find the other angle, viz. £ACB. ; | 
Now rad. : tan. Z.CaD :: coſ. Ac: cot. (Z ACD, call it) m. (ad 114) 
Or rad. : tan. 2.adj. fide given :: coſi of given ſide : cot. (of a fourth=) m. , 
Like C. adj. fide given, if that ſide is acute; but unlike, if obtuſe. 
But coſ. : rad. :: cf. 2 cas ; fin. (Z. AcD ) m. 5 4 
col. CD : rad. :: coſ. Arc: fin. (Z.BCD, call it) n. (30 115) 1 
Therefore coſ. CAR: cof. L ABC : : fin. m. to fin. n. (II. 155) 
5 x Or coſ. adj. fide given: coſ. other angle; + fin, m: ſin. u. I. 


Me ich may b: either acute or obtuſe. 


Thos 


um of m and n, if the given angles are alle. 


, 
Then £ ſought ABc= diff. of m and n, if the given angles are unlike. 


But if Ace, or to 1809 - Bc, or is between BC and 1809%—pe. ' 
Then Bc cannot be unlike its oppoſite angle. 
Neither can DB, or the Ce be obtuſe, 


In the oblique angled ſpheric triangle aBc. l 7 
Given two ſides Ac, AB R : - 
And their contained angle _ Required the reſt. 1 * A 

iſt. To find either of the other angles, as ABC." Wn) B 

As rad, : cof. CAB :: tan. AC: tan. (Ap, call it) M. (2d 114) 


Or rad. : coſ. given C:: tan. fide oppoſite E ſought : tan. (of a fourth=) wa 
Like the fide oppoſite C ſought, if the given I is acute; 

But unlike that fide, if the given L is obtuſe, 

Take the diff. between (AB) ſide adj. C ſought, and (a DSi] M; call it u. 


Now rad., : cot. CD :: fin. (AD=) M: cot. £cAB. (iſt 127) 

rad, ; cot. D:: fin. (DB=)N : cot. C arc. 
Therefore fin, N : fin. M:: cot. CAR: cot* Cc AR. (II. 155) 
:: tan. CAB: tan* CBA, (III. 37) 


Or fin. N: fin. M:: tan. given Z. : tan. C. ſought. 

Like the given angle (BAC), if M is leſs than (aB) the fide adjacerit the 
angle ſought; but unlike, if M is greater. ; 

2d. To find the other ſide CB. | | 

As rad. : col. CAB :: tan. Ac: tan. (AD, call it) u. (2d 114) 
Or rad. : coſ. given A.:: tan. of either given fide : tan. (of a fourth=) M. 
Like the fide uſed in this proportion, if the given angle is acute; 

But unlike that fide, if the angle is obtuſe. 

Take the difference between the other fide (AB) and (aD=) M; call it x. 


Now rad. : cof. o:: coſ. (AD=) M: cof. Ac. (2d 117) 
rad. ; coſ. o:: col. (DB=) N: coſ. 8 
Therefore coſ. M: coſ. N :: coſ. Ac: cof. cs. (II. 155) 


Or cof. M: ceſ. N:: coſ. fide uſed in 1ſt proportion : coſ. fide required. 
Like x, if tbe given L is acute; but unlike x, if that I is obtuſe. 


124. PROBLEM IV. 


In the oblique angled ſpheric triangle Anc. 


Given two angles CAB, ZACB ; #28, 
And their included fide ac Required the reſt, 


iſt. To find either of the other fides, as cn. | 


As rad. : coſ. AC :: tan. CAB: cot, (4 Ac p, call it) m. (ad 114) 
Or rad. : coſ. given ſid : : tan. C. oppoſite fide ſought : cot. (of a fourth=) m. 
Like the angle oppeſite fide ſought, if the given ſide is acute; 
But unlike that angle, if the given ſide be\obtuſe. | 
Take the diff. between L (A ch) adj. fide ſought, and (CAC D) m, call it u. 
Then rad.: cot. p:: col. 2 m: cot. 4c. (3d 116) 
rad.: cot. :: col, (BD) n: cot cB, - 
| | | Therefore 
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Therefore coſ. n: coſ. m:: cot. cs : cot. Ac. (IT. 155) 
| :: tan. Ac: tan. CB. (III. 37) 

Or coſ. n: coſ. n. :: tan. given ſide : tan. ſide required. 

Like n, if the angle oppoſite the ſide ſought bs acute; 

But unlike n, if the angle is obtuſe, 

2d. To find the other angle ABC: 


As rad. : coſ. Ac: : tan 4CAB : cot. (4 ACD, C 0 
call it) m. (3d 114) \ "je 

Or rad. : cof. given ſide: : tan. either given C: cot, , : : 
(of a fourth =) m. (3.6 Wes 

Like C uſed in this proportion, if the given ſide BB ®YT AP 
(Ac) is acute; | iC 


But unlike that C, if the given fide is obtuſe. : 
Take the difference between the other 4. (acB) and A * 
2. (AcD=) m, call it u. 


Now rad. : cof. CD :: fin. (ZAcD S): coſ. CAB. (iſt 116) 
rad, : coſ. D:: fin. (4BcD=) N: cof. 4 aBc. | 
Therefore fin. m: fin. n:: cof. cas : cof. 4 apc. (IL. 155) 


Or fin. m: ſin n:: ceſ. C uſed in I/ prop. : cof. C. ſought. - 
Like the C. uſed in both proportions, if m is leſs than the other L; 
But unlike, if m is greater than the other angle. DEP 


125. PROBLEM V. 


In the oblique angled ſpheric triangle aBc. Plate I. Problem V. 
Given the three ſides AB, BC, AC; Required the angles. 
To find the angle ABC. 
Let HBKLM repreſent the quarter of a ſphere, the center of which is o. 
Where the ſemicircular ſections HBK, HLK, are at right angles to one 
another; and 08 is perpendicular to HRK. | 
Then, continuing the ſide Bc to L, the arc HML meaſures CAB. (9) 
And Hg chord HL, will be the ſine of & (arc HMC H) Z ABC. 
Draw the radius ou; and draw LP, & at right angles to HK. 
Then LÞp =ſine, np =verſed fine, of £aBc; And HN N. (II. 165) 
But as HQo is a right angled triangle; oQ being perp.to HL (II. 125) 
Therefore oH: H:: HQ: EN. ; (II. 170) 
And on HN HN (IL. 162) =ſquare of the fine of 1 / anc, 
Make BD=BE=BC; and AFZAG=AC. | 
Then the ſemicircular plane per, which is parallel to #LK (23), will 
be cut by the ſemicircular plane Fcc, drawn at right angles to the playe 


HBK, in the line ci (II. 209) at right angles to DE. „„ l. 210 
And the arc pe and its verſed ſine Di, are ſimilar to the are HL and 
its verſed fine np. (29. III. 1 5 


PH 2HN 
Then rad. on : rad, DS:: PH: 1D= (— „bs x=. 
OH OH 


Draw on parallel to FG; then arc Ax =(909=) arc BK, and RK . 

Therefore DIF (Z KoR=arc RK=) arc AB. 

Now Ds g (sE =ſinwarc BE=) fine arc ec. £ 

And aDd=(BD—BA=ZBC—BA=) diff. ſides about / ſought. _ 
. Alſo Z DI arc (DG A + aD=) A5, the line of which 1 
+ 1D. Schol. to art. III. 45 | | 

And arc FD=(AF- AD=) ACAD, the fine of which is 4 DF. as 
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Now fin. Z DIE: fin. 4.DF1:: (TD: 1 ::) FD: 4 15. (Schol. III. 45) 
Or fin. Z DIF: fin, CDFI:: Zr ; == s. 


Thereſote ſin. Di x DSX dn. bfi X FFD. (U. 163) 
Therefore ſin. 4b * DQ = oH ſin. Z bri x }rD xoH (II. 156) 
Or fin, 4 DIF X Ds x HN=fin. DI X tro XOH. (IL 149) 
Theref. fin. ADIFXDS : fin, £ DFI X AFD :: OH: BN, (II. 163) 


5 | : OH X OH (HN NOH). (II. 155) 

Therefore ſin. DI X Ds: fin, DI X AED: OH": & 

Or ſin. AB & ſin. he: ſin. 1 Kc Ah c ſin. 1 Ac AD: : Rad“: fin. 4 abc? 
| fin. 1 ACFAD x ſin. A TNA 

Theref. ſqu. ſin. 1 4 AB 1 xſqu. Rad. (II. 164.) 


Now ſuppoſing Rad. I, and L. to ſtand for logarithm. 
Then 21, fin. 2 L ABC=L, fin. 1 XC A5 ＋ 1, fin. TCA 1. fin. an 
—L. fin. . . | (I. go, 85, 86) 
And putting / for the arithmetic complement of a logarithm, 


. J. in: AB I ſin. pc + L. ſin. ACA + L. ſin. TA 
Then 1, ſin. Z apc = ——— dimen , - 


* 
1 * * 


2 
That is, having determined which angle to find, _ 
To the arithmetic complement of log. fin, of one cyntaining ſide, 
Add the arithmetic complement of log. fin. of the other containing fidt, | 
And the log. fin. / the ⁊ ſum of zu fide and difference of the containing ſides, 
Alfo the log. fin. of the % difference of 3d fide and diff. of the containing ſides, 
Then the degrees anſwering to 4% ſum of theſe four logarithms, found 
among the ſines, being doubled, will give the angle fought. 
126. PROBLEM VI. 
In the oblique angled ſpheric triangle Age. 
Given the three angles A, B, c; Requ. the ſides. 
To find the fide AB. 
About the given angles as poles, deſcribe,arcs of 
great circles mecting one another, and forming 
the triangle FDE. 
Then are the ſides of Fpe, the ſupplements of the 
angles A, B, c. (95) 
Continue Fb, FE, the ſupplements of the angles 
B, A, adjacent to the fide AB required, till they meet in 6. 


Then in the triangle DGE, the ſides 6D, GE, are the meaſures of the 
angles B and A, adjacent to the fide ſought. 


The fide D is the ſupplement of 4 c oppoſite the ſide AB. 

Now 46 (= 4F, by 31) is the ſupplement of as. 

Therefore the £ 6 being found in the triangle DGB by Pros. V. (125) 
will give the ſupplement of the fide as required. : 


That is, Let the given angles be taken as the ſides of another triangle, 
obſerving to uſe the ſupplement of that angle oppoſite to the fide required. 


In this new triangle find (by Pros. V.) the angle oppoſue to that fide whers 
the ſupplement is oe | 
Then will the ſupplement of the * found be the fide required. 
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= SPHERICS. Book IV. 
SECTION VII. 


The Conſeruction and numerical Solutionof the cafe 
Ff ,rigbt angled ſpheric = + 4 


156. Ex AM. I. In the right angled ſpheric triangle ABC. 

Given the hypoth. 'ac =64® 40% n 

And one leg 2 BC=42 12 Required the reſt 

- Cons TRUCTIONS. 

Iſt. To put the given leg on the primitive circle. 

Deſcribe the primitive” circle, and draw the 
right circle AB. | 

Apply the given leg (42* 12“) to the primitive 
circle from B to C. 

A bout c, 8 a pole, at a diſtance equal to the 
bypothenuſe (649 400 deſcribe (68) a ſmall circle | 
ad, cutting the right circle A8 in A; and draw 
the right ci.cle CD, 

Through c, 4a, p, deſcribe an oblique circle. 

And ABC is the triangle ſought. 

2d. To put the required leg on the primitive circle. 

Deſcribe the primitive circle, and draw the 
right circle g;; on which lay the given leg (422 
120 from r to c. ä (70) 

About c, as a pole (66), at a diſtaace equal to 
the hypothenuſe (64* 40 9 deſcribe a ſmall circle, 
cutting the primitive in 4; and draw AD, 

Through a, C, D, deſcribe an oblique 7 

(II. 72) 

Then aBc is the angle Fequired 4 1 hole des and mg are mea- 

ſured by art. 70. 72. 


Cour r ATT. 
To find C cpr the given 4. 127), To find L. adj. the given leg, 128) 


As fin. hyp. =64*: 40“ ©0,04391] As Rad So oo! 10, coooo 
To Rad S9 OO 10,00000| To cot. hyp. 64 40 272776 
So fin, gn. leg. 242 12 9, 82719 So tan. gn. leg =42z 12 0, 95748 


To ſin op. . =48 06 9, 87110 To coſ. adj. 2 =64 35 9.63272 
This angle is acute, becauſe it is to] This angle is acute, becauſe the hyp. 
be like the given leg, which is acute | aud given leg are of like kinds. 
To find the ther leg. (129) 5 

As col. gu. leg. 42 10 o, 13030 

To Rad. 29 CO 10,00:00 

So cof, hyp. =64 40 9,63133 This leg is acute, becauſe the hyp. 

w—— | and given leg are of like kinds. 


To edſ. req leg 34 43 9.76:63 


Norz, In theſe operations, and in all the following ones, although 
the word co- ſine, or co-tangent, are uſed in the proportions, yet the 
degrees and minutes ſet down, are not the complements, but the real 
ſides or angles. 157. Ex- 
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157. EXAMPLE II; In the right angled ſpheric triangle ABC. 


Given the hypoth, ac = 64? 40” 
And one angle Ach = 64 35 j Required: the reſt.” 


Cons TRUCTIONS 


iſt. To put the leg adjacent to the given angle im the primitive circle, 

Through any point c, in the primitive circle, 
deſcribe (75) the oblique circle Can, making. 
with the primitive circle the angle BA R 
to the given angle 64 35”. 

In the oblique circie-CAD, take A Siu to 
the given hypothenuſe 64% 40. o) 

T brough A deſcribe the right circle 4 AB. 

And CAB the triangle required. 


2d. To put the leg oppoſite the given angle en the primitive cu cle. "IM 


Having deſcribed the primitive circle, and 
drawn the right circle ox; b 

Deſcribe (80) an oblique circle Ach, cut- bu 
ting- the right circle os in c, with the given RES — 5 
angle 54 35”, and having the part Ac inter- A. 
cepted between the right cifcle op aud the 
primitive circle, equal ro the given hypothenuſe 25 
ba* do's -: | 
Then Asc is the triangle required. 4 
The fides required are meaſured by art. 70. 
And the required angle by art. 72. 


*%. 4 
r= 


| ComeUuTATION. 
To fend the leg opp. tte £70. £ (130)| To find the leg adj, the giv. 4. (191) 
As 


Rad Soo oO! 10,00000 | As Rad ' =99® o 10,00000 
T'oſin, hyp. =064 49 9.96609 To tan, hyp. =64' 40 10, 32476 
So in given £4 =64 35 9.95579 Socol. given 4. =64, 35 97285 


To ſin. op. leg. =54 43 90.9188 To tan. adj. leg 242 12 . _ 9495748 


Like the given angle Acute, as the ohe guſe and 
| given angleare of 1e. Aa 
To find the other angle. (1 32) 
As Rad 2 ——— 1 ==9g0? oc « \ 10,00000 oy 
To coſ. hyp. —— =64 40 9;63133 
So tan. given angle 264 35 10,32213 
* : 2: Jo bk W411 e 
To cot. required angle =48 . 8 9.98446 


Ni is acute, as the hy pothenuſe and given angle are of like kind. 
M 4 | 158, Ex- 
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158. EX AM IE III. In che right angled ſpheric trianple ABCs 


Given one leg e N 44% 17 i | nene 
And its opp. angle CAB = 48 ao J Required the reſt. . - 


ConSTRUCTIONS, 
1ſt. To put the required leg on the primitive circle. 


Deſcribe an oblique circle Ac p (75), making 
with the primitive circle the angle c AB, equal to 
the given angle 48 Oo.. | 

About the center © of the primitive circle de- N. 
ſcribe (67) a ſmall circle at the diſtance of thle . 
complement of the given leg 429 127, cutting 
ACD in c. | 

Draw the right circle ocg, and ACB is the tri- 
angle fought. 


2d. To put the given leg on the primitive circle, 


Draw the right circle oA, and another ot at 
right angles. | 

Make nc equal to the given leg 429 127; draw 
the diameter co, and another oP at right angles. 

About E, the pole of AB, deſcribe a ſmall | 
circle (68), at the diſtance of the given angle 
48ſ oof cutting oP in p. 

About p, as a pole (62), deſcribe the ablique 
circle CAD, cutting AB in A. Then CBa is the 
triangle required. | Ta 

The ſides are meaſured by ait. 70, and the angles by art. 72. 


CoMPUTATION. 


To find the bypothenuſe. (x33) | To find the other leg (134) 
is ſin giv. . =48? oof o, 12893 As Rad  =29g0% oo 1000000 
o fin. giv. leg.: 12 9,8279 To cot. giv.  =4& oo 9095 
So Rad =90 00 10,00000 | So tan. giv. leg 42 12 9.957 
To fin. byp. 64 40 94,95612 | To fin. req. leg 54 44 997795 
And is either acute or obtuſe. And is either acute or obtuſe, 


To find the other argle. (135) 


As coſ. given leg — = 429 12 o, 13030 
To coſ. given “. — = 48 o 9,8255 
So Rad. — — = 90 O05 10,0000 
To fi Tequired 2 6 3 * 
© fin. requi 9 , 1 
And is either acute or obtuſe, 9 4 908 


* 
* 


159 Exe 


— 2 
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159. EXAMPLE IV. In the right angled ſpheric triangle ABC, 


Given ale AB=54? 
And its a0 angle ES 00 43T Requir ed the reſt. 


ConasTaVerions. 


iſt, To put the given leg on the primitive circle. 


Having deſcribed the primitive, and right circle 
OB; 

Make BA equal to the given leg 54? 4. 

Draw the diameter A0. 

Through a deſcribe the oblique circle cp (7 5) 
making with the primitive the given angle BAC 
489 00, cutting os in c. 

Then is ACB the triangle required. 


2d. To put the required leg on the primitive. : 
In the right circle = take (71) AB, equal 
to the given leg 54 47. * 
Through the * Ay deſcribe (76) the” . 
oblique circle CAD, making with. A8 the angle : 
BAC, equal to the given angle 489 00 '» cutting ; 
the primitive circle in c. 
Then is ABC the triangle ſought. - i 
The ſides required are meaſured by art. 70s * 
And the required angle by art. 72. | 


 CompurTATION. 
To find the other angle. (136) To « fad the other beg. (137) 


A Rad. O 00” 10,00000 As R 9 10,00000 


To col. giv. leg =$54 43 9,76164]To by v. 43 9,9118 
$0 fn. 4460 28 00 9787100 a 8 2 = 1 8 7858 


To coſ. req. 4 264 35 9,6327 To tan. req. leg. =42 12 999107 


And is like the given angle. Aud is Ike the given leg. 
J find the bypothemaſe, (158) 


As Rad, = 90? os 10,00000 
To col, en 4 — = 48 o 9.325531 
85 cot. 2 — . „ 3 984979 
To cot. hypoth. — = 64 o 9.67530 


And is acute, ts the given leg and angle are of alike kind. 


— 
- 


160, Ex- 
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Bo 
160. Example: V. In the right angle ſpheric triangle ABC. 
Given one leg BA=54® 12 2 
And the other leg Bc=42 12 J Nequired the reſt, pats 
ConsSTRUCTION. 
To put either leg on the primitive circle. iy 561 19 LE q 
Deſcribe the primitive cirele, and .draw the ; 12401 1E 1 
right cifcle ob. * dra 
Then, let the given legs 54? 43', and 42% 12”, 4 
be applied, one from B to A, and 1 ocher from "Ty 
B to c (74); and draw the diameter AD. ang 
Through the points A, c, p, deſcribe an oblique ole 
circle, | (II. 72) l 


Then is ABC the triangle required. 
The angles A and c may be meaſured by art. 72. 
And the hy pothenuſe ac by art. 70. 


COMPUTATION, 
To find the angle A. (139) 


As Radius — S de o 0c, oocoo 

To ſin. of leg AB = 54 43. 9.91185 

So cot. other leg 30 = 42 12 10,4251 
To cot, op. angle 4 z= 48 oo 9.95436 


And is acute, as the _ leg CB is acute. 


To find the angle c. (1300 


As. ae goo oo 10, ooo 
To ſin. of leg 10 = ,435+-43 9.82719 

So cot. other leg * 2 54 43 9784979, 
To cot. op. angle. e = 64 35 9.678 


And is acute, becauſe the oppolite leg an Is acute, 


To find the hypothenuſe AC. (140). 


As Radius — = 90? oo io, cpo 
To col. either leg aa = 54 43 9.76164 
So coſ. other leg 8 = 42 12 9.86970 
To coſ. hypoth, ac = 64 40 9.03134 


And is acute, asghe legs are of the ſame kind, 


161. Ex- 
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161. EXAMPLE VI. In the right angled ſpheric triangle Arc. 


Given one angle A489 00 
And the other angle c=64 35 3 * the reſt. 
* 


CONSTRUCTION. 


To put either leg, as CB, on the primitive circle, 


Having deſcribed the primitive circle, and 
drawn the right circle oB 

Then (81) deſcribe the oblique great cirele- - 
cab, cutting the primitive circle in the given -- 
angle c, and the right circle OB in the given an- 

le A. 
l The ſides are to be meaſured by art. 70. 


Courur=AT ION. 
To find the leg cs. (641) 


As fin. E. adj. req. leg c. = 64*® 35 0,0442T 
To Radius ———ů— == 90 oo e 
So coſ. other angle A = 48 00 | 9,8255 

To coſ. of its op. leg c 42 12 9.86972 


And is acute, becauſe the oppoſite angle is acute, 


To find the leg AB. (141) 5 
As fin. C adj. req. leg. Aa 8 48% 00 0, 12893 


To Radius — = rf roy 10,00000 
So col. other angle 0 = 35 9563266 . 
To coſ. of its op. leg aB = 54 43 9;76159 


And is acute, becauſe the oppoſite . is acute. 
To find the hypathenuſe ac. (142) 


As Radius | - = 90 ' 10,08000 
To cot. either angle as a © | = 48 oo 9.95444 
So cot, other angle as c = 64 35 9.67087 
To coſ. hypoth. AC = 64 40 9.63131 


* 


And is acute, becauſe the angles are both acute, or alike. 


162. Ex- 
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162. EXAMPLE VII. In the quadrantal triangle ABC. 
Given the quadrantal fide Ac = 90 o 

an adjacent angle A = 42 12 f Required the teſt. 
And the oppoſite angle B = 64 40 


Book IV. 


ConSTRUCTION. 


To put the quadrantal fide on the primitive circle. = 

Having deſcribed the primitive circle, and 
drawn the diameters AD, BC, at right angles; | 

Deſcribe the oblique cixcle ABD, making with 
AC an angle of FL ad 12%. iy ods 5 175) E AT 5 

Through c deſcribe a great circle E, cutting 
the circle ABD in an Z of 649 40. (74) 
Then is aBc the triangle fought. 

The angle c is to be meaſured by art. 72. 

And the ſides An, cx, are meaſured by art, 70. 


CoMPUTATION. 


Imagine the given triangle A Be to be changed into a right angled 


triangle, where the ſupplement of the angle 8; is to repreſent the hypo, 
thenuſe, and the angle A to be one of the legs. F 

Then will the folution fall under art 127, 128, 129, in the table; 
and the numerical computations will be the ſame as in Example I. Ob- 
ſerving that the angles there found are, in this example, the meaſures of 
the * AB, CB; and the fide AB in that example ſtands for the angle c 
in this. 


Now in determining the value of the parts of this triangle, as — | 


ariſe in the computation, the words like and unlike are to be chang 
one for the other, where'the hypothenuſe is concerned in the determi- 
nation; Thus the leg AB is taken acute, becauſe the ſupplement of 
the angle oppoſite to the quadrantal fide, which is here al as the hy- 
pothenuſe, is unlike to the other given angle: and its oppoſite angle c 
is to be acute for the ſame reaſon; But the kind of the fide Bc being 
known by the kind of its oppoſite angle a, it muſt be taken acute, as 
the oppoſite angle is acute. | 

In the conſtruCtion there ariſes two triangles, either of which will an- 
ſwer the conditions in the example: For the ſmall circle deſcribed about 
P, the pole of the oblique circle ABD, Cuts the diameter AD in the points, 
a, b; and either of theſe points may be taken tor the pole of the oblique 
circle wanting to complete the triangle. | 

Now if à be taken for the pole, then in the triangle aBc, the meaſure 
of the things ſought, will be equal to thoſe ariſing from the computa- 
tion : But the angle B is the ſupplement of what was given. 

And if b is taken for the pole; then the triangle aBc will ariſe from 
the conſtruction ; whereig the angles a and B are reſpectively equal to 
ge * propounded : But then the kde As, and the angle c, will both 

obtuſe. 


SECTION 


F 


Book IV. SPHERICS. 1573 
e 
The Conflrufion and numerical Solution of the 
caſes of oblique angled ſpberic Triangles. 


163. ExameLs I. In the oblique angled ſpheric triangle aBc; 


Given the fide | aB = 1149 30% 
the ſide . Bc = 56 40 {Rome the reſt. 
And an angle oppoſite to one ſide, BEA = 125 20 bits ant - 


- CONSTRUCTION. A e 

To put the given fide, adjacent to the known angle, on the primitive circle. 

Deſcribe the primitive circle, and draw the | tying 
diameter BD. 

Make BC equal to the fide adjacent to the given 
angle = 56? 40“. (50) 

[Deſcribe the great circle c ax, making the angle yy 
dc equal to the given one, =125® 20. (75) 

Through B deſcribe a great circle BAD, cutting 
AE in A, at the diſtance of AB, the other given 
fide from B, 114 30. (68) 

Then ARC is the triangle ſought. 

And the parts required are meaſured by art. 70, 72. 


ComPeUuTATION, 


Te find the angle a, oppoſite to the other given fide. (144) 
As fin, one fide an =114%30' 0,04098 16.9 
To fin, op. E Cc=125 20 g;91158 { Which may be-either acute or -ob- 
Soſin, oth, fide cB= 56 40 9,92194 7 tuſe from the things given: Dut he 
conſtruction ſhews it to be acute. 


To fin. op. 4 . a= 48 go 9.874503 _ 8 2 
To find the angle B between'the given ſides. (145) 
As Rad = go 10,00000 As cot. S. ad. g. , ac 6 o, 18197 
To tan, giv. 4 =125 20 10, 14941 To cot. oth. fide au=114 30 9, 6587 
So coſ adj. ſid. c 56 40 9, 73997 So col. m =127 47 9,78723 


WS. 


— — —— 


To cot. m =127 47 9,88938] To coſ. n | 2 64 53 9,62 790 


And is obtuſe, as the given angle] Which is acute, being unlike Gdeop- 
and its given adjacent fide are unlike. — given L., that Z being obtuſe, 
Then as the given fides are unlike, the diff. of mand en, or 60 54 2 LB. 


To find the other fide ac. (146) 


As Rad 90 10,00000 As coſ. S. ad. g. 4.,8c=56%0'o, 26002 
To coſ. giv. 4 c=125 20 9,76218 | To coſ. oth. fd. 43 114 30 9.61773 
So tan. adj. ſid. c . 56 40 10, 18197 So col. 4 =138 40 9,87 557 
To tan. 1 =138 40 9,9445 To coſ. u = 55 299475432 
| | | * 
And is obtuſe, as Ce and cn are unl.] And is acute, being unl. as as above. 


Then as Bc and 24, are unlike the diff. of u and x, or 839 11'=ac. 
| 164 Ex- 
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164. EXAMPLE II. In the oblique angled ſpheric triangle azc, 


Given the angle Bac= 48%30 | 
the angle | BCA S225 20 þ Requires the reſt, 
And the ſide oppoſite to one angle, aB=114 30 6 


ConSTRUCTION, 
To put the given fide A on the primitive circle. 

Deſcribe the primitive circle; draw the diame- B 
ter DA; and though A deſcribe the great circle 
ACD, making the given angle BAC=48* 30". (75) ; 

Make the arc AB equal to the given fide== TR 
1149 30' (70) ; and draw the diameter BE, De 

Through B, deſcribe the great circle Bog, 2 
cutting ACD in an angle equal to the given angle | 
BCA=1259 20. | | (78) 

Then is ACB the triangle ſought, . 

And the parts required ate to be meaſured by art. 70, 72. 


>} Ade debts * I - FE.” 
. P * 


CoururAT ION. | 
To find the fide oppoſite the other given angle. (147) 


As ſin, one Z c=125920' o, o8842 | 

To fin. op. fide aB=114 30 9,95902 | Which may either be acute or ob- 
So fin. other Z a= 48 30 9,87446 ftuſe from what is given. But the 
| conſtruction ſhews it to be acute. 


To fin, op. fide c 56 40 9,92190 


To find the fide AC between the given angles, (148.) 


As Rad. = good',10,00000 | As cot. .2d.g.S.a= 48%30/ 0,05319 


Tocoſ. Cad. g. S. 4 48 30 9,82126| To cot. other 4. C=125 20 9,85059 
So tan. gn. S. A8 2114 30 10, 34130 | So ſine u =124 31 9,9159t 
— | _—_— 
To tan. u 2124 31 10, 16256 To ſine u = 41 19 9,81969 
And is obtuſe, being unlike a, | Which may be either acute or ob- 
as AB is greater than 90. | tuſe; either 419 200 or 1389 40). 
Then as the given angles are unlike, the difference of u and n, or $39 12, 
is the fide ac. Or the ſum of 138? 41', and 124 31/, leſſened by 1800, 
leaves 83® 12/, Ks 


— — 


To find the other angle ABC. (149) , 
As Rad, . =929%00' 10,00000 | As coſ. Cad. g. S. A = 48300 0, 17874 
Totan. C ad. g. S. 4 248 30 10, 05319 To coſ. other 4 c=125 20 9.76218 
So col. gn. S. aB=114 30 9,6773 | So fine m =115 07 9,95686 

7-5 . 
To cot. m =115 07 9.67092 To ſinen = 52 13 9.89778 


———— — —ͤ— — —— 


And is obtuſe, being unlike Za, Which may be either acute or ob- 
as its adj. fide AB is greater than 90. | tuſe, viz, 522 13, or 1279 47%. 


Then as the given angles are unlike, the difference of m and n, or 609/54 


is the angle u required, Or the ſum of 1159 07', and 127 47', leſſened 
180, leaves 622 54. | 
2 — 165. Ex- 


— 
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165. ExAM TE III. Ia the oblique angledſpheric triangle anc. 


Given the fide .AB.= 114% 30' als ICY 
the ſide; es $6 40 f Required the reſt. 
And the contained angle Ac = 62. 54) 6 hol 


ConSTRUCTION. 
To put either of the given ſides, as BC, on the primitiue cirele. 


Deſcribe the primitive circle 3; draw the dia- 
meter BD; and through B; defcribe a great circle © 
zap, making the given angle ABC 629 547. /- 

* A 

On the circles BCD), BAD, take the arcs nc, 
ra, reſpectively equal to the given ſides, viz. 
vc=569 40", and Ba=1149 30. a: 4 x) IA 

Draw the diameter CE, and through c, A, Eg," © © © 
deſcribe the great circle ca; then ABC is the triangle ſought, 

The required parts of ABc are meaſured by art. 70, 72 


 ComPUTATION-. 
To find the angle c. (1500) 


As Rad. = go%o&/10,00000)J Optuſe, being Ike f 
To coſ. given Z. U 62 54 265353 the given ang > Ar Ly 


dot. S. op. re. C. 11430 — Take the difference between 11 and 


R 8 8 9 3. 20 
To tap. M =135 o1 9,9998z ) ®© and it is 78 21"; call it x. 
At fine x = 78927 0,00904 


To fine u =135 Ot, 9.84930 [And is obtuſe, being unlike the given 
do tan. given B= 62 54 10, 29096 4 angle, becauſe u is greater than nc, 
| — | the ſide adjacent to the required angle. 
To tan. req. £.c=125 20 10.149036 0 ene Kare 
To find the angle A. (150) 
As Rad, S 90? 00' 10, oo 


Tocol. given 4B=02 54 9.04853. 
$0 t. S. op. te. 4. BC==$6 40 10,1 


- 


Acute, being like fide op. req. ., 
. the given angle being acute. 
91 Take the difference between and 


ro un. of =34 42 9.84050) 2% and Ris 799 48 ; eall x, | 


As fine N =79948 0,00692\ \ 
To fine u =34 42 9.75 633 | And is acute, being like the given 
do tan, given Z. B=bz 54 10, 29000 p angle, as u is leſs than an, the fide 
adjacent to the required angle. 


To tan. req. 4 A =48 30 10, 08321 ; 

To find the other fide AC. (151) 
As Rad. S go®ovu' 15,00000 | As coſ. 21350175, 15039 
To coſ. given == 62 54 9.65853 To col. & = 78 21 9,305;2r 
So tan. eith. S. A8 2 114 30 10, 34130 $9 col. S. uſed A8 2114 30 9,6773 


— 


To tan. 1 =135 01 9,99983 | To coſ. S. req. ac= 83 12 6,7333 


- w— —e—— 


Odtuſe, being like as, the fide uſed, | And is acute, being like u, becauſi 
d:cauſe the given angle 4s acute, the given angle is acute, 


The diff, of u and Bc, or 78d 21'=nN, © 


| 166 Ex- 
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166. EXAMPLE IV. In the oblique angled ſpheric triangle anc, - 
Given the angle ' BCA = 1259 2 5 

the angle Bac = -48 30 \ Required the teſt, 
And the included fide ac = 83 12 | 


Cons TRUCTION, 
To put the given fide on the primitive circle. 

Deſcribe the primitive circle ; draw the diame- 

ter 4D ; and through A deſcribe the great circle 

ABD, making the given Z BAC=48® 3o'. (75) 
Make ac equal to the given ſide 2 839 12./ 

0) 

Draw the diameter cx, and through c deſcribe 

the great circle CBE, making the given angle 


BCA=125? 20' (75), cutting ABD in B. | the 
Then is ABC the triangle ſought. | fer 
And the parts required are meaſured by art. 70, 72. the 

CoMPUTATION. | ſite 
To find the fide AB. (152) cul 
As Rad = 9go®%oo/ 10,00000 


To coſ. gn. ſide ac 83 12 9,07337 | Obtuſe, being like C op. fide req, the Th 
So ta, Cop. r. S. c 25 20 10,1494 1 | given fide being acute. 

— Take the diff. between m and / 
To cot. u = 99 29 9.22278 a, and it is 50% 59“; call it n. He 


As coſ. n 50959“ o, 20097 
To coſ. m 99 29 9, 21615 And is obtuſe, being unlike n, be- 
So tan. gn. ſide ac= 83 12 10,923;7 cauſed the angle oppoſite to the fide 
required is obtuſe, 


To find the fide Bc. (152) 
As Rad. Yoo 10,00000 
To col. gn. ſid. ac=83 12 9,07337 | Acute, being like Cop. fide required, 
So tan, Cop. r. S. A & 30 10,05319 | the given fide being acute. 
: — ake the diff. between m and 4 
To cot. of m 282 224 9,12656 e, and it is 429 57/4; call it u. 


n 


= | 


As coſ. n =42%57'% 0. 13558 | : : 
To coſ. m 282 222 9. 12283 And is acute, being like n, becaoſe 
So tan. gn. ſid. ac=83 12 10, 92357 $the angle 4 oppoſite to BC, the ſide 
required, is acute. 


To tan. req. ſid. nc 86 40 1018198 


To find the other angle B. (153) | 
As Rad. = 92%0d/ 10,00000 | As fine m = 9929“ 0,00598 
To coſ. gn.ſid.ac= 83 12 9g,07337 | To fine n = $0 $9 9.89040 
$0 tan. ether. c= 125 20 10,14941 | So coſ. 4 uſed, c=125 20 9.702 


— 
** 


14 


To cot. m = 99 29 9.22278 To coſ. req. 4. B= 62 54 9,63950 
Obtaſe, being like C c here uſed, | And is acute, being unlike the angle 

becauſe the given ſide is acute. c here uſed, as m 1s greater than ide 
Take difference of mand Z a, viz. | other angle 4. ** 

42? 570 and call it n. ; 
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167. Exaurtz V. In the oblique angled ſpheric ttiangle art. | 


Given the fide aB = 114 
the ſide ac = 8 
the ſide Bc = 5 


30' 


40 


13 Required the reſt. . 


ConsTRUCTION. 


To put either ſide, as AC, on the primitive circles. 
| Deſcribe the primitive circle, and from an 
int in the circumference, as A, ſet off one of 


the given ſides; as ac=B3® 13 (70) ; and draw 


the diameters AD, CE. 


D 
About c, as a pole, and at a diſtance equal to 
the given fide Bc, =g60 40, deſcribe a ſmall 


circle ux. 


About Ay as a pole, and at diſtance 


(68). 
to 


'E 


the given fide AB (when AB is leſs than go?) pe: | 
ſcribe another ſmall circle ms (68), cutting the former in 8: But when 
the fide, as A8 114 307, is greater than 90 then about p, the oppo- 
ſire pole to A, deſcribe a ſmall circle with the ſupplement of AB, as nx, 
cutting the former ſmalleircle ns in 8. 

Thro'the points A, B, p, and c, B, E, deſcribe the great circles AD, cup. 
Then is ABC the triangle ſought, and the angles are meals by art. 72. 

OMPUTATION, 


Hereac=8= 83 12“ 

cB=F= 50 40 

Erb 26 33 
AB=G=114 30 


A angle c. 


(154) 

Ar, Co. fine = = 83 1; 0,00305 
Ar. Co. ſine 7 = 56 49, 0,07 
Sine ⁊ ſum = 50 31% 9.97473 
Sine + diff. = 43 384 9,84158 


en -= » 2009900 


6+d= 141 03j70%31't=3 
— Iz ſum is fin, of 62 39 . 9,94855. 
o —- Db. 87 wi 43 3 58% diff. 
— Which doubled gives 125 Wy Ns. 
i — +— a (154) 
Wise Far. fines =1 of i 0,04c98 
ac=p= By 13 Ar. Co. fine r = 63 13 0,00305 
— f | Sine I ſum = 43 58 9,8416838 
E—=F=D= 31 17 Sine diff. . 413 6434184 


c $6 46 40 | 
6 +D= $83 32 57 es- Ilan 


„os 25 23]12 Klit 
„ 


|. 


Sum of four Lag. —— e 19,2745 
+5 on BL ng 151 9667377 
Which doubled. I 


; 7s food he angie B. 57 
e p41 7 au 
e 56 40 


— 37 50 „ 541 
1 * 7 5 | 


7e in 


N Sine 


— = n 


| 


Ar. Co, fine £ 
Ar. Co. fine y 
ſum 


diff, 


= = 56 
= 79 * 9797441 


S /# 413 9-34 34 


Sum of four Lap — = 19,43529 
—— — 


Line 


2 ſum is fin. of * 287 - 
Which doubled gizes 6:* 5 


4 7%. 
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168; ExAMrEE VI. In the oblique angled ſpheric triangle Abc; ? 1 8 


Given the angle A = 48 317 


the angle 3 = 62 52 Foo the felt. 3 


the angle c =125 20 


Cox s TRUST I. 


To put either two angles, as C and B, at the primitive. 7 


Deſcridethe primitive eirele draw the diameters 
cp and Ex at right angles to one another; and thro” | 
c deſcribe a great circle CAD, making the angle 
BCA equal to the given angle c A250 20“. (75) 

Deſcribe a great circle BAG, cutting the given 
great circles CFD, CAD, in the given angles B= 


7 


62? 527, and a=48? 31. 
hen is Age the triangle ſought. 


Where the ſides are meaſured by art. 70. 


COMP ur 
To find the ſide 


Here LN R= 6202" 
Za=F= 48 31 


. = > Da rhe 14 21 
Sup. L O 54 40 


Db by 01]34%307'=Fſum 


C—D= 40 19020 og rig 6 


— Co. finer = 48 31 


2710 


w 9 


(81) 
AT a 0 N. 8 
oy * (155) | a ORs 


r. Co. fines = 62*%52" 065064 


„12543 
Sine z ſum = $4 307 9,75 322 


Sine 2 diff. = 20 097 9,83733 
Sum of the four Log. 


- 19,46662 
⁊ ſam Is ſin, of 32 454”: 


The ſup. of its double i 181 1140 20 . 


— 


— 


To find the fl AC, (155) 


Here /.c=E=125929 
Carr 48 31 

— Ü——ü— 

tE—F=ÞD= 76 49 
Sup. n 08 


„eg 57 7255 i ſum 


Ar. Co. fine x =123*20' 0,08842 
Ar. Co. finey = 48 31 12643 
Sine + ſum = 96 58 9,990) 


. l diff. = 23 09! 9.5373 


Sum of ſour Log. 8 19.7795 
2 ſum is fin. of 48 231 38 89397 


The fas of its . is ice. 


To ad * At 


ner rg 32 5 
Ln r = 62 32 


Fb 62 28 * 
ee, * * 


kN. (156) r 58 2 
Ar. Co. 
Ar. Co. fine r = 6 52" \0/05004 


Sine 2 ſum . = 96 587 9 996% 
Sine diff. = 34 303 975322 


—— ᷑F—— — 


Sum of four Log. 
+ ſum i is the fin, of 61%5g 9, 94152 


22 
Theſ of its able 33: b nc. 
* do SECT TION 


. www te a ama. a a nh AT. 


9.73331 


22 Iz 20“ o, 08842 
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” 
0 C_— :, BY 9 > * 0 — ' * 
ry I 1 0 "*. 2 irn 4 „ . -4 — " ” W * 4 £ . 
” * . © ” y 4 — * ® 3 Y - - 4 4 * ” — 1 d D635. 4 — 
8 1 = * N « . 
- S + * &# 3+ 4 SY — * 


| a>nit-go ad , 23.53 
169. The principles aire delivered have been ſhewn ſufficient for 
deriving methods for the ſolution of all theicaſes in-ſpherical/ Trigono- 
metry: yet as there are many other uſeful and curious particulars:which 
appertain to the ſubject, it was thought proper ts add ſome of them ſor 
the entertainment of ſpeculative readers. 'The chief of: theſe. relations 
cannot, perhaps, be better inveſtigated, than by imitating the method of 
the late William Jones, Eſq. who publiſhed in the year 1747, in the - 
Philoſophical Tranſactions, No 483, ſome properties of Goniometrical 

lines; which properties are moſtly derived from a general figure which 
Mr. Jones improved -from one communicated to him by the great Dc, 


* 


| Halley. See Synopfis Palmariorum Matheſeos,. p. 245. 


Let AB, AD; or Ab, Ad, be any two arcs, each leſs than 90 degrees. 
de and BE, or be and be, be the ſum and difference of their right fines. 
KE and DE, the ſum and difference of their co-lines. 


The arcs Bd, BD; or hd, bd; expreſs the ſum and difference of the arcs 
AB, AD. do, DL, are fines of the arcs B4, BD, the ſum and difference of 
arcs AB, AD: BO, BL, the verſed fines of that ſum and difference. 

20, ZL=K/, the verſed fines of the ſupplements of their ſum and diff. 


N 2 ©: /- 
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Let the arcs Bf, Bg, be the half ſum, and half diff. of the arcs 45, Ap, 
BF, BG, the fines 5 
CF, CG, the co-ſines 


er. cu, dhe fans. Fol the half ſum and hat diff, of av and kv, 
f | «3 SHIT 


Cr, CH, the ſecants 
nd, BD, twice the ſines | * * 
K Kö, twice the co-ſines 
PB; pctheco-tangent and the co-ſecant of the half lum of ay ares A, As, 


. 
'If 9 


_ 


x 


Now the following ſet of aue being 6milar, 


Viz. cs; Bd, ker, «KH, DBL, ch, BHO, Kdb. | Gt M8 
Then? — Bd__ EB K 5 — — 2 5 ats 
CG Be Xr = by DL CB BG Kb 
CB nd KB _ ſ--- BD _ cn —BH BH K 
Bo de BE ol BI BH HG "a 
CG be. KE xa CB _ BG, Kb, 


BG SS BE 1 * BH =» 


The following ba of rangi being allo dame, 


Viz, BF, BDE, «be, 2do, uso, IB, nir, PCB, vic, «ds. 
There will teſult, | 25 WW. | 

CB _ ELLE Kb _ 24 3 cr — BT re. rr _ kd | 

CF BE KE 20 RT cs BF —PB _— = BK 

9785 uo Kö 2 . CI _ nt <P PI ok 

—_  — = — 
F DE ws op 3 Bo FI ir c ci 4s 
cr__ BE EK 20 40 CB BF PB PC BK 


ar 5 5 do bo” 1 ir = ck 
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170. Now the ſeveral Values of the radius cs being collected, are 
placed in the annexed table; where the letters 5, , % v, ſtand for the ſine, 
ungent, ſecant, verſed fine; and the lettetz ?, 7, / the co · jne, co- tangent, 
co-lecant, of the arcs 4, a; or of the arcs =, ; and v, the verſe 
ine of the ſupplement, ., P 


? ”. 


. 


e —Þ — 
7 5 — 41 Dae r 
\ (185% (186 
4 : „ A—5;4 / 

22 | 12 = G 
, bn rr 
5 — 12 A+a — 23,4. 

7 S, Ate „ 5. „= 
ee _ m_s 

2 20 q. | 7 — 5 Qt ( g 
"give 2 ED 9 
ENT” ee 
„T= F 1 175 | _ (198) 
* 4 Aha. [v — ——Þ 4 4. — Ar- PE * 1 'y nay 


a n (200) (L400 —— Naa 
1 2 — , PTD 
72 n ; | A * 8 

I Hax. FED % Y =. == | 


e oth F 
1 A+68 | ' $17 2 . 
- - X „AY x * =. 


D | (297 A 
517 1 X 1 - * 
—.1 Aha Y e. =. 7 | 
wy TOE DR LIE 
” a ? 4 . 4H * 
* * - ex 5 72 _ \ 0 { 
22189 N 
1 _y 4n 4+. 2 cx I 
180 0 3 Nou 
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e From the N table a very great number of den ate read 
deduced; ſome of which are here annexed, as examples of its uſe;, whe fe 


analogies are, in general, expreſſed by equal ratios, 4 Ip 


A e 


Thee ſam of the ſines of two ares tan. of half the ſam of chene 
* ditt. Ot the uncs ot tnole arcs —tan. of halt the diff. of the arcs 


SLY 3 . bie 
Them of the co ſ n. of two ares co-tan. of half the ſum of the ares 
850 dul. gt Be n. idee tan. of Lr. ial diff. of the arcs 


145 . 4179909 


p 
ane TIEN a 
* 


"ne of bed of two arcs ſum of the tan. of dene 


. 13 The "nc of ot the ditt. ot thoſe arc: arcs ci of the tan. ot tholg a ares · . 
13 5 122 1 ” Ang AS GAS IA „ 
F PRI 7 1. p ATPASE LA "Labs HAAS, | 
by Compoſition., 2 i r Pk 5 eee þ ny. 4-4," 


; 755 a +t, As 4. A4, A 7. A | A } 18 x 
Ihe — t Ute ==, 8 
Here the arcs A, as are the E and diff. of che ares Fern 1 — 


3530 


— —— ——e . 2, — — 


, | of. of dum of two arcs dtr. of tan. of one ad cot. ke | 
-214.T "cor. ot aft; of the arCs 1 m of tan. of one N oFother- 
_taking the tan, f. che ſame arc. - 


Forts $a+a. 4 a we WE Ys 3.44 is 111 


- 
"> —_— 


_ _ 


2221 97 
| FLY 9 — —$, (212 2-An __ ATT 
1— $2 WO wn 3 Tax 
. e {TE =h — — — 9 — — — 
þ Dre 25 9 4 | — 7 


"I rg = {Ay % are the ſum and 1 the ales ir. oy 1 
Fas 5. The. ſine of * ferred two arcs, into-radins; is ; equal to the 
' "ſom of the products, of the fine of the greater by dhe ec dine uf the 
| ts, and the fine of the leſs by the co-ſine of the greater. que 

* I be fine af the difference of two arcs, into radius; is equa to the 
* 9 of the products, of the fine of the e 
leis, and the fine of the leſs bye the co. -ſine ofehe greater. 


— 


a” — 4 
2 ——————— —— — > — SI on DES _ — _—_ 


1 R X $5,A + Lasur * „1 1173. 
R *, A- , = ε = N82). 
are the arcs. wm 


Hence 12 X5,A(the ſum) SHED! X SF H= = 
N R * „ (the diff. )J==5;SaFa x LADS, 1. „e. 


216. The 


lere $775 and IT 
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16. The d-fine of the fm of two arcs, into radius; is eqdal to 
the difference, between the product of the co fines, and product of the 
ſ hes: of thofe arcs. _ ä 
The 71 e of the "Aiffercnce of two arcs, into radius; is equal to 
"te ſum, of che product of the | co:fines, and product of the our "of 


thoſe arcs, 


R'X 77 FP rx 74). n IE Jed 
Fo 34 Rx ,a 2 + Wh * CAT 181). 5 £47 and 2 being 


the ares | == p05. 


, : * 7 — 8 \ 8 = 1 


,A(the 1 2185 TN, e . — 
1 ee 85 by e „Eren 14—. 


R « oo 


Radius, leſs the co ſine of an are EE tan, of half "A arc - 


21 
Ph Radius more the co co fine of au arc . Square ot the Radius 
| 4+ - f 0 * "aa 4X, . KK e 
1,1 — — cu | , 
6 —2 Ta = (VF )- ed eg * (195) 
For dae 1. 6 * ALE up 2 mer | 


e 22 


re : = EF. 9 OED (191) 
( 1, T | Yo? 1 ? 
Then Fe, Tee 

R 3 Aba A 2 n 


77 18 rs form of ih line de co-firie-of an 1 Radius 
: ditt. of the fine & co-line ot that arc tan. ot diff. ot that * 8 


um of Rad. and tan, of an are dr .;-: 
', diff. ot Rag. and tau. ot that, ay arc tan. TUE — xy 


'For if 2 then A454; and la=459 AA. 
Aae! : HSA; and n in 33) 


e as, Wt VP! . ö 
Then oy | | (212) 


7 ET ly 14. ; 
772222. 
e „ A 45 / Haw: — — 1 e hn 
9 5 A: di, c f. A* AE „A 3 XR 
8377 , A K-, A , AX, AA NR 
. re A | 
Tben( 3% = Swans e 1 kv; ft ö 


A in, 


— 


* 


T SEATS 


9 


— — @_. 


PALAS 


3s, C 4 kk N 4 219. The 
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219. The difference of the co-ſines of two ares, is um (9 the 
ference of the verſed fines of thoſe arcs. | 4," * 


220. The product of the fines of two arcs, is yy to a pod bf 
half the radius into the difference of the co-ſines, of the ſum 0 
difference of thoſe arcs. | 


That is, , 3777 N eee 7 = 


1 . 


A 


Or 5,2 & ,x AR „ — putting 2 ; THI uit 


221. The product of the ſines of two ares, is equal to the pr pro of 
balf the Radius into the difference between the * ſines, of the ſum 
and difference of thoſe ares. | 1 LY 


That is, 5,z * „* (I X N (220)= Jo EH x 3 


1 
ſquare of the ſine of an arc 
verfed-fine of twice that arc 12 29 (193) 
ſquare of the co-fine of an arc . 
{up-verled fine of twiee that arc A (197 ) 
product of the fines of two are 
—diff. of ver. ũnes ot the lum 20d ft. of thoſearcy 


222, Half the Radius 


(221) 
THC of Rad. bed. of the ſquares, of the fine and cot. * arc 
213 Thee figs - ſquare of the cine of that arc 
prod. of the ſquares of the co-fine & tan. 5 an arg 
! ſquare of the ſine of that are. 
2 2 —— r 2 NA E 
3 54 xk 187 ) Then " IE | 1, ich 


— - - 31 


224. The product of Radius, and the co. a= of 5 an arc, is als 
the difference of the ſquares, of the fine and — Wb e. | 


For IE = (== 2 — (193, n-) ee Pe cr 


FA a V za +a" A 5A ＋ . TER i 


Es 2—R TS. 2 22 * 22 —. f. 


Then R+5,2 +R—5,Z SL 12 12 1455,22 ** compoltio an diviſion, | 
| * 
— 8 II. 1 11 * And x *I, ku, Ia. 


2R AR 


| — 2 ＋ „ 1 * f. (a. 119) 


In 


= on 


a 
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r triangle ABc, if in the ſide on produced, be a 
PD, mm equal to ang BG be drawn. at right angles to c. 15858 


Then cE=<=BC4-BA1 18 the ſum ofthe legy including the gle 4 5. 


3 - 
cso and 46 arg the ſegments-of bb 
baſe, or fide oppoſite h | 18 2 
ZA and 4c are called baſe angles. f — 
cp. ee 
tical angles 

Now a very great number of relations 
may be formed between the ſides and! 
ages; ſome of which are here . | 


rated. 361 1 BY 


Ig: the Gas of the lag TN 
(110) 


ml 15, . A;: , A: g. | 
ſum of the fines of the the fines of the baſe 


1 . Io leg "al d W 


*\ 9 
9 12 \ 


om The co-bnavet the baſe angles, are 18 the ines of t'vrtica 
angles. 


That is, Ne Ga 122, ant 2d of 124) 
ſum of co-fines of dale 3 bann of the Bess of vertical angles 


Hence diff. of co-tines of Gale” angles N of Vertical” angles 
by compoſition and diviſion of tatios. 


227. The co-ſines of the legs, are —ů—ů— the e dees ſeg- 
ments of the baſe, ; 
That is, c : BA: 2 c, , a8. Id of 1215 and 2d of 123) 
Hence fum'sf co-lines of the LE. Lom of Ones of hol. Ggmens 
dit. of co ines of the legs diff. of ne of bale iegments 
by compolition and Altifon of ratios.: tr) SS hg ee 
228, The co-tangents of the legs, are as s the co-fines of the adjacent 
rertical angles. 
That is, Be: n:: Pa: Ve. 4 11 —— papa 
Hence ſum of cot. of the legs ſum of co · ſines of vert: angles 
Ti erer of the legs dif, 7 2 25 4 
ſition and divifions of ratios. N Shs I. 


229. The tangents of the legs, Areas the coſ. f he eee e 
angles reciprocally. 
Hence ſum of tan. of the legs ſum 0 of col. of vert. angles, om 


diff, of tan, of the legs dit of col. of vert. angles 


wt. 


3 


. 
. 
* 
- . 
o 
e ˙ r e 


comp ke. 


136 8 PH ERICS. Böcke lw. 


. 77230. The. ſines of the baſe —— = as the "tangenbyiafintaiag 
jacent baſe angles nactpracally. ur: 215 24 79 d . 

Thati is, 5, G: , A0 :; (c; , A1 2 (adof 12.and df 8; 
Rae dem of Gnes of baſe ſegments dum of tans of baſe ange 


diffs, of fines of baſe ſegments” — diff; - of tan,” of baſe” an angles 


by compoſition and diviſion. +- 1 c 2!119qqo abi, 0 Sad 
2 LR" BY? Re "os 5228 I-23 Dar F, 4 
231. The tangents of the? Pot dernen are as the 2 of the 
poſſte verticle angles. 
hat 1 18, t, 8; t, AG; 2: tet 0a 20 e: KI: 1 E © [468) 
" ſum of tan -of baſe ſegments ſum of OY 4 vert. angles 
Hence diff of tan.” of baſe ſegments d | 
by compoſition and diviſion of ratios. | 8 


457 The halt the ſum of the legs tan of half theſum ofthe baſeang. 
tan. of halfthe diff, ofthe legs "tan.of halfthediff.ofthe baſe ag. 


"Rug act : IG L 5 60% 
0 BUS BA AFSC; 0 290 2 HER "1 
„5c, Aer FF e 2 tt mak 

* [1643ik 1:0) We 
_ of Slum of baſeſegments _ tan. of 3 diff. of the legs 
125 dan. 3 23 Am Nice ä "4 
For e GAA —— T 
15 ele N 7 2 
Ane GA + IG 8 ay -H3CG, 2 11 ) 

I « VE mM 7 £2: aol 35 

en 58884 n 2 1 148) = 4 d. ' 
* „CIBA „ 105 N 


The fine. of ſum of, legs £0: tan. of + ſum of. vert. — 
234. The ſine of dill. of N tan. of 4 diff. of vert "gps 2505.7 
(s£1 ko arg > by) '_:@otan. diff. of vert angles! 


22 2 Fin of Tam of ert . EET 7 
330: 1. * „ui 73 30 65 tn VU 4 — 
Id (22 15 0 $a „ 2 

For - (= Tor 202 ＋ {2 N r ef 
CBA BC, bal? ly tac 3 

De ba ods lo4ant-63 4h 2% 318 299] eee of] Mara 


> 


,- Cot, of + ſum of, vert. angles tan. of Lai, of boſe. angie 


| 
NeJ 


2 
3 225 e dame bee tan. of TE > of vert. angles 
For W C45, a SW | yur E 
„A SC W120 54 (22 2260 = = 1 ; chal (211) 
LEAN ui 88 2. 
Hence 223Et= PEE 1 A = Do 
_ Sn I r | En 
” Saen. 1 Ny N | 1 1 1 
es 02 lo. nch w. un 10. 


0 
ef] ere 236. The 


© ww 
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ne ol. ſum of the Je "< uare of cot of 1 ſum of vert. angles 
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251. When two ſides and the incl ] yen 
third fide : Or when 125 three {i 429 8 to 0 00 V. 12 oe 18 


theſe particular caſes there wet een ven compendiums by Sie onas 
Moore, in his Mathematics,. V 383; Alſo, by Nicholas 
Facio Duillier, in a ſmall tract re WF pige 3 very ſearce; and by the 
learned Dr. Pemberton, in the Philoſophical TranſaQions forithe'yeac 

1760: The principle employed by each of them is the ſame ag in,tti- 
de 2453 Wbich, wil be here Utoſtrated on account of its utility im ſome 
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Take, the Example uſed in the ſix ca es of oblique ſpheric triangles. 
Where 408 83 11 A5 56% 400; LA=125? 20. 
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nnen — half tow tag 9-989 
2 diff. fides = 13 15% 9, %% ö ? 
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. fide of 67 159 
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By I. Rule, 
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Sum 130949 TE? Rad. 19,00060 
Half ſum is the nat fine. (217) 65474 arc 400 54 log. fine 9,8560) 
Ar. co. log. ſine 8 — * e 
Ar. co, log, fine 5 2 
19: 
Half * angle fought 62 40 log. ſice 9, 
By II. Rule, 
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52 — 37 15 Ar, Co. L. ſin. tl. log. ſine 2 
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L wo 
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As the natural ſines of ares, are not contained in this work, and are 
on ſome occaſions neceſſary, it will be proper to ſhew how they may be 
found from the Logarithmic tables contained herein. 


256. Firft. An are being given, to find its natural fine to five places of figures, 
Rule. Take out the Log. fine of the arc, rejecting the Index; 
Seek theſe figures among the logarithms of numbers; 
The correſponding number is the natural fine of the given arc; 
which is to be reckoned as a decimal fraction of the radius, or 
unity: ä 
Prefixing the decimal comma (,) if the index of the log. fine was qʒ 
But if the index was 8; 7; or 6; prefix, 0; ,00; or, ooo; by 
which means the left hand digit of the natural fine will ſtand in 
the place of the firſts, ſeconds, thirds, or fourths. (I. 18) 


Ex. I. Required the natural fine and coſine of 4* 22 ? 
Log. fines fine 8,8816 Cofine g,99874 


Num, or nat, fines ©,07614 0, 99710 
Ex. II. Reguired the natural fine and cofine of 289 35? 
Num, or nat, fines 047344 0,87812 


If a given log, fine is found in the table of logs. of numbers, its na- 
tural number conſiſting of four places is ſeen at ſight; and its right hand 
place is o when the index of the log. fine was . 

But if a given log. fine is not found to every figure in the tables of 
log. numbers, its 5th, or right hand place is thus found. 

Take the diff, between the log. num. next greater and leſs, than the 

given log. fine; and alſo the di between the given log. fine and its 

next leſs log. numb. 
Then, As 1ſt. diff. is to ad. diff. ſo is 10, to the digit for the right 
hand place, 


Thus to 4* 22/, the nat. fine is 0,07614z and coſine is 0,99710 


the log. numb. | 
And the abovementioned two differences, for fine, are 9 and 3; for 
col, are 5 and 1. 


Then 9: 3:: 10: 3, the 5th. place And 5 : 122 10: 2 the 5th place. 
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be thus found. 


In the tables of num. and logs. enter with the natural ſine as a num, 
and take out its log. | 


2 and minutes ſhew the arc required. AY 
refixing the index , 8, 7, 6; according as the left hand digit 
ſtood in the place of firſts, ſeconds, thirds, or fourths. . - 
cable to the nat. and log. tangents of arcs. 
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But to 289 357, the log. ſine and coſ. does not appear exactiyj among 


257. On the contrary. A natural fine being given, its correſponding are maß 
Seek this log. in the table of log. ſines, and the correſponding de- | 
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There has been a great variety of opinions among the philoſophers bf 
the preceding, ages concerning the ſituation of the great hodies in the 
univerſe, or of the poſitions of the bodies which appegt i the heavens. 
But the notion now embraced by the moſt judicious Aſtronomers i 
that the univerſe is compoſed of an infinite number of ſyſtetus or Ale 
in every ſyſtem there ate certain bodies moving in free ſpace; and re- 
volving at different diſtances around a Sun placed in ot ntar the center 
of the ſyſtem; and that theſe ſuns aud other bodzes- are the ſtars which 
ace ſeen ig the heavens; bee hre t t fo torts ara | 
2. The Sol AR SYSTEM,.Ao called by Aſtronomers, is that in which 
out Earth is placed; gad in which, the Sun is ſuppoſed to be-fxed in 
or near the center, with ſeveral bodies ſimilat to our carth revolving roun 
him at different diſtances. This hypotheſis, which is confirmed by all 
che obſer vations hitherto made, — CIS | 
om 
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 fiom Nicholss Copernicus, a Polifh Philoſopher, who about the year 1 c 
tevived A oaths oblivion it had been buried in for m — 
Stacs ste diſtingwiſded into two kinds, namely, fixed and wandering, 
4 3. The Fixed — - s are . ſuns, in the centers df their ſyſtem, 

ining by their own light; and are obſerved to preſerve. always 

Lane fielen in reſpeQ to one Another. f oh 0 
4. The fixed ftars appear of various ſizes, which is doubtleſs oct» 
Honed by their different diſtances; theſe ſizes are _ diſtingui 
into ſix or ſeven claſſes, called Magnitudes: The largeſt, or bright 
are ſaid to be of the Fs r- MAGMN TUR; thoſe in the next claſs, of 
degree of brightneſs, ace called of the sxCoND MAGNITUDE ; , 

| to the leaſt, or thoſe uſt diſcernible to the naked eye; But hbelides 
theſe; there is ſcattered throughout the heavens a great number of other 
ſtars, called Ter EsCopic STARS, becauſe they cannot be ſeen ex 
through a teleſcope. And indeed, it is to the affiſtance of that moſt 
admirable inſtrument, that a great part of the modern Aſtronomy owes 
its rife; which will undoubtedly tranſmit with the greateſt honour to 
the lateſt poſterity the name of Ga L IL Bo, among whoſe many inventions 
the teleſcope is ranked. | | 

5. jg. the viſible fixed ſtars are probably at very unequal dif 
tances from the center of the ſolar ſylem, yet Aſtronomers, for their eaſe 
in computation, conſider them as equally diſtant from our Sun, forming 
the ſurface of a ſphere which incloſes our ſyſtem, and is called the Cx- 
LESTIAL SPHERE. This ſuppofition, with regard to the Solar Syſtem, 
may be ſtrictiy admitted, conlidering the immenſe diſtance even of the 
neareſt fixed ſtars from the center of the ſyſtem, 

6. A ConsTELLAT10N is a number of ſtars lying in the neighbour- 
hood of one another on the ſurface of the celeſtial ſphere, which Aſtro- 
nomiers, for the ſake of remembering them with greater cafe, ſuppoſe to 
be circumſcribed by the outlines of ſome animal, or other figure : by this 
means my motions of the wandering ftars are more readily deſcribed and 
compared. 

'he number of theſe conſtellations is 80, each containing ſeveral 
ſtars of different magnitudes. The number of ftars of each magnitude, 
and alſo the conſtellation in which are ranged, are contained in the 
following table; where it may be obſerved, that the conſtellations are 
diſtinguiſhed under three heads; namely in the zcdiac, and in the 
northern, and fouthern hemiſpheres. | „ +. ho 


. ConsTELLATIONS IN THE ZoDIAC. 
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other bodies may be compared; and therefore their relative poſitions 
have been ſought after with great care for many ages, and catalogues of 
their places have from time to time been publiſhed by thoſe, who have 
been at the” pains to make the" obſexvations.” Among theſe catalogues, 
the moſt copious, and, as-generally;eſteemed, the beſt, is that called the 
Hiſtoria Ctleftis of our countryman FLamstetD. © | 
10. The poſitions of the ſtars, being obtained, their relative places 
may be delineated on a ſphere or plane; and thus are the maps ortharts 
of the heavens made, and the conſtellations drawn incloſing theit te- 
ſpective ſtars. There are two maps, uſually called Celeſtial hemiſpheres, 
which ate prefixed to this, book; by the help df which a perſon may 
readily become acquainted with the poſnipns and names of ſoine of the 
Principal fixed ſtars, thus: 8 " 1 1 vg „„ „„ 
On à (clear night, let theſe prints be laid ſo. as to corre ſpond to the 
north and ſouth: parts of the heavenz; then the obſerver looking on the 
ſtars, And then on the hemiſpheres, will! with a little practice know' 
ſome af the ſtars in the heavens, the like poſitions and names of which 
he has ohſerved on the pr inte. 0 


* 


13. The WANDERNING STARS; are thoſe bodies within our ſyſtem, 
or celeſtizl ſpbere, which revolxe round the dan — appear luminous 
or bright, only by renſecting the fight they receive from the Sun, and 
are of three kinds, namely, primary Planets, ſecondary planets, and 
comets. HUI TALE RHO KMANSUHTY d 0 
12. The PaIMARX-PLARNRTS are thoſe bodies, which i 
round ihe Sun i ſpect him only as the ceutet of their, courſes ; the mo- 
tions of which lare regularly performed in tracts, pr paths, that are 
N obſervgtions to be nearly circular anti £0 ic to one an- 
ther. 4 N eee. re 


13. A Seco ary PLAngT,commonly, called ia SATELLITE-0f 
Moon, is a body which, while it is dried round the Sun; does'alſo 
revolve round a hear planet, which it teſpects as its center. 
14. Cours, vulgarly called ;blazing ars, are, bodies which alſo 
evalve: round the; dun; probably in as vegdlar order as the planets 
bu in much longer periods of time; from i hitherts* knõwꝗ n 
bem. They are in number many mord than all, the planets, and their 
2 paſs among the paths of the planets in a great variety 
of directions. eee pbk 
15. The Oßzir of a planet ot comet is chat track or path along 
which it moves: n 9 — - 
There ure fix primary pianett; and reckoned in order from the Sun, 
heit names and marks ate Mercury $, Venus 2, the EARTH 5 
7 Mars 4, JuytTER; u, Sau N. PA 24, of e 
Mors, Jupiter, and Saturn, are, cal 10R PLANETS, a8 they 


4 | | SUPER 
drbits include that of the Earth: but Venus and Mercury. the otbits tf 
hich are contained! within the Earth's, are called Ix FER IOR PLANETS. 


16. Ithas been — the help of teleſcopes: that: there are teh 
Fa Fanar, the" Earth being attended by one, called the Moon, 
Jupiter by four, and Saturn by five. | wp 
Saturn is -alſo! obſerved to have a kind of circle; called hig'RING, 
vchich fotrouniis the planet at ſome diſtance from his ſurfaces and J#- 
iter: has certain appearances, whick ſbem like zones or girdles round 
im; and theſe are called JuPITER's BEL Ts. Every 
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Every primary 8 io ſvppoſech to have” two motions, namely, cr. 


nal and diurnal... | 

17. The Annvari Moron of iet is that = ' 
is carried in its orbit round the Sun; Which in ovary ond ou by 
obſervation to be from welt to eaſt. 

This motion is diſcovered by the planets hie their placed in the 
celeſtial ſphere ; upon the ſurface of which they appear to move arnonj 
the fixed ſtars; and in certain times to return to the ſame nun from 
which they were feen to departʒ and ſo on continually. - 2 2N? 

18. The Diurnar Moro of a planet is that by which it ens or 
ſpins about its axis, and is alſo from welt to eaſt, 

This motione is diſcovered by the ſpots that are ſeen by teleſcotſes on 

the ſurfaces of: the planets. Theſe ſpots appear firſt'on-the eaſtern mar- 
pin, or ſide of the planet, and gradually move from thence acroſs it, 
ail they diſappear,on the weſtern fidey or limb; after a certain time they 
appear. again on the eaſtern fide, and ſo on- 
19. hach planet is obſerved always to paſs through the conſtellations 
Aries, Taurus, Gemini, Cancer, Leo, Virgo; Libra, Scorpio, Sagittarius, 
Capricornus, Aquarius, Piſces ; and it alſo appears, that every one has a 
track peculiar to itſelſ; hence the paths of the fix planets form among the 
lars a kind of road, whachs is called the-Z oDIAacy/ the middle path of 
which, called the;ECL1PTiC, is the:orbit deſcribed by the Earth, with 
-which tbe orbits of. the other planets are compared. 

As the ecliptic runs through twelve conſtellations, it is fuppoled: to be 
divided-intotwelve equal-parts; of 30 degrees each, called ſigus, having 
the ſame names with the twelve. conſtellations which they run through? 

20. The R ,,ỹꝓĩalL Pix is are thoſe two points of the Eeliptic, 
oppoſite: 0,0ne-/anotherp:thraugh+»which the Earth paſſes in its annual 
motion, when the length-of the -dayzaydini ight is equal in all parts on che 
Earth. One of theſe points, called the VER nay Equinox, anſwers 
nearly to the 20th of March: and the other, called "Us: AUTUMNAI 
Equinox,cucarlyto the 22d of September. 212%A 0014 

21. The, Plave of the Ecliptic is ſuppoſed to divide the teteftial-ſphere 


into two equal parts, called the. northern"and ſouthern celeſtial hemiſpheres s, . 


and any body in eitber of theſe/hemilpheres is ſaid to have north or 
ſouth latitude, according to the hemiſphiere it is in: So that the LA- 
11TUDE of, a, ęeleſtial object is its neareſt diſtatice- from the ecliptie, 
taken on the ſphete. ade 200100 & sl 

The Planes of the (> bas five orbita are e obſerved to FY part! "in the 
northern, and parily in the ſouthern hemiſphere; {6 chat every ne cuts 


the ecliptic in two oppoſite points, called Nopxs. One called tbe 


ASCENDING, Nope, marked n through which the planet 
paſſes whep, it moves out of the ſouthem nts the northern; Bemiſphere; 
and the other called the DescsnpinG Nope, marked thus; V is that 
through which thecplanee mata in NN of ce nwrchern into 


the ſouthern hemiſphere. , Lorna 7420649 353 is 3g egaphom ug 
The tight line j Joining the two Nodes of mn planet, i is called the Lois 
Or THE. Nob ks. 1 men * "95 $1 $3 I30E * bY one 


22. The games of moſt of the conftel{itione-were' given by hEydeient 
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cording to Bayer's maps) te be the firſt point in the eliptic, this ſtar 
being next the Sun when he entered the Vernal Equinex ; and at that 
time each conſtellation was in the ſign by which it was called. But ob- 
ſervations ſhew, that the point marked in the heavens by the Ferna! 
Equinox has been conſtantly going backward by a ſmall quantity every 
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year, from which cauſe the ſtars appear to have advanced forward as 
uch; ſo that the conſtellation Aries is now removed almoſt into the 
Taurus, the faid firſt ſtar y having got almoſt 30 degrees forwards from 
the equinox; which difference is called the PR RCESS1UN oF THE EOD 
NOXEs, and the yearly alteration is about 50 ſeconds of a degree, or about 
a degree in 72 years. 7 
23. It was ſaid in art. 12, that the phone revolved round the Sun in 
orbits nearly circular and concentric; for the ſeveral; phænomena ariling 
from their motions ſhew they are not ſtrictly ſo; and the only curve 
can move in, to reconcile all the various appearances, is found to be ah 
Ellipſis: So that the orbits of the primary planets and comets are Ellipſes 
of different curvatures, having one common focus, in which the Sun is 
fixed: But every ſecondary planet reſpects che primary planet round which 
it revolves, as the focus of its elliptic motion. For as no other ſuppoſt- 
tions can ſolve all the appearances that are obſerved in the prin the 
Planets, and as theſe agree with the ſtricteſt phyſical and mathemali 
reaſoning, therefore they are now received as elementary principles. 
24. The line of the nodes of every planet paſſes through the Sun 
For as the motion of every planet is in a plane paſſing through the Sun, 
conſequently the interſections of theſe planes, that is, the lines of the 
nodes, muſt alſo paſs through the Sun. | IE 
235. All the planets, in their revolutions, are ſometimes nearer to, ſome» 
times farther from the Sun: This is a conſequence of the Sun not being 
placed in the center of each orbit, and of their being ellipſe. 


26, The ApHEL1on, or SUPERIOR Arsis, is that point of the orbit 


where the planet is fartheſt from the Sun, The PzrIHELION, or INFE- 
R1OR Apsis, is that point where it is neareſt to the Sun: And the traut 
verſe diameter of the orbit, or the line joining the two apſes, is called 
the Lins OF TE ApPsEs, or APSIDES., 4 5 11 
27. The planets move faſter as they approach the Sun, or come 
nearer to the perihelion, and flower as they recede from the Sun, or 
come nearer to the aphelion. This is not only a conſequence from the 
nature of the planet's motions about the Sun, but is confirmed by all 
good obſervations. 7 | 
28. If a right line drawn from the Sun through any planet, uſually 
called the Radius Vector. is ſuppoſed to revolve round the Sun with the 
planet, then this line will deſcribe, or paſs through every part of the plane 
4 8 ſo that the Radius Veftor may be ſaid to deſcribe the area 
the orbit. ; 2 


29. There are two chief laws obſerved in the Solar Syſtem, which 10 
gulate the motions of all the planets ; namely, - 1, 


I. The planets deſcribe eval areas 1 vol times : That is, in equal por- 
tions of time the Radius Vefor deſcribes equal areas, or bare of 


U. The 


the ſpace contained within the planet's 


# 
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II. The ſquares of the periodical times of the planets are as the cubes o 
their mean diftances from the Sun : That is, as the ſquare of the £4 
which a planet A takes to revolve in is orbit, is to the ſquare of 
the time taken by any other planet s to run through its orbit; ſo is 
the cube of the mean diſtance of A from the Sun, to the cube or 
the mean diſtance of 3 from the Sun. bi 


30. The Mean DisTANCs of a planet from the Sun is its diſtance 
from him, when the planet is at either extremity of the conjugate diame - 
ter; and it is equal to half the tranſverſe diameter, Er 

3t- The foregoing laws are the two famous laws of KE IIR, a great 
Aſtronomer, who flouriſhed in Germany about the beginning of the 
17th cone and who deduced them from a multitude of obſervations; 
But the firſt, who demonſtrated theſe laws was the incomparable Sir 
IsAac NRWTON. SES EM 

By the ſecond law, the relative diſtances of the planets from the Sun 
are known; and were the real diſtance of any one known, the abſoluts 
diſtances of all the others would be obtained by it. E 

32. Every — already ſaid of the planets is found: in a mea · 
ſure to be applicable alſo to the comets, as well from the obſervations 
that have been made of them, as from the phyſical and mathematical con- 
ſiderations of their motions. E 

33. Were the motions of the planets to be obſerved from the Sun, 
each of them would be ever ſeen to move the ſame way, though with 
different velocities; thoſe nearer to the Sun running their courſes through 
the Zodiac in leſs time than thoſe at greater diſtances : And hence it 
would happen, that ſome of them overtaking the others would in paſſing 
by them appear to be ſometimes above, ſometimes below, and ſometimes 
3s if they touched one another, according to the parts of the orbits in 
which thoſe planets happened to be with reſpeCt to their nodes. | 

34. When two planets are ſeen together in the ſame fign equally 
advanced, they are ſaid to. be in ConJuncTio0nN: But when they 
are in ditect oppoſite parts of the Zodiac, they are ſaid to be in Orro- 
Arion. | K | 

35. As the planes of the orbits are inclined to one another, therefore 
when two planets happen to be in conjunction at the time they come 
near a node of one 7 ow, they would be ſeen from the Sun appa- 
rently to touch one another; and the fartheſt of thoſe planets from the 
Sun would ſee the neareſt moving over the face of the Sun like a black 
ſpot, being then directly between the Sun and the remoter planet; ſo the 
planet Venus was obſerved from the Earth in the tranſits of the years 1761 
and 1769. Alſo, ſhould an oppoſition of two planets happen near a node 
of one of them, the Sun being then directly between them, would hide 
the light of one from the other. Theſe obſcurations, or interceptions 
of the light of the planets one from the other, are called EcLipsgs. 

36. The place that any planet appears to occupy in the celeſtial 
ſphere, when ſeen by an obſerver ſuppoſed to be in the Sun, is called its 
Heliacentric place : And indeed all celeſtial appearances, as ſeen from the 


dun, are called Heliccentric phenomena. 
h 37: The 
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37. The following table exhibits at once ſome of the moſt material 
concluſions that have been deduced from the obſervations” hitherto 
made, the mean diſtance of the Earth from the Sun being reckoned 
at 1000, | 7 4 + eta 


TABLE OF THE SOLAR SYSTEM. 
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Mercury, $| 387 | 81169 52 3 m. or 85˙230 uncertain 
Venus. [2] 724 | 513 23 | m. or 224 17 23d ono 
Earth, |] 1000 17% oof] ty. br 365 6 123 56 4} 
Mars. F 1524 fit 52 | 2 y. or 586 23'[24 40; 01 
Jupiter. Auf $201 4250jt 20 fz y. or 4332 12 | 9 56 0 
Saturn. hf 9538 [;43]2 20 [30 y. or 10%%% 8 [uncertain 
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38. By all the obſervations made on the fetondary planets" it 5p 
: 4 "TY 0 1 A 4 * 
. FTE 18 . 
Iſt. That the ſatellites revolve round their ſuperior planets from weſt 
to each, in curve lined orbits like ellipſes, the primary planet beiug i the 
focus, and one of the orbit's diameters directed towards the Sun. 


. 


zd. That the planes of the orbits of the ſatellites are inelined to the 


— 


* - 
. 


plane of the orbit of their reſpective planet. 


3d. That, like the primary planets, they deſcribe equal areas in equal 
times; and the ſquares of the times of their revolutions are as the cubes 
of the mean diſtances from their primary planet. gg 


In every revolution of a moon round its primary planet, there muſt 
be two conjunctions betwixt the planet, moon, and Sun: namely onte, 
when the moon is in that part of its orbit neareſt to the Sun; and once, 
when in that part of its orbit fartheſt from the Suri : And an eclipſe 
may N at either conjunction, according as the moon's nodes hap- 
pen to be poſited at thoſe times. For the plane of a moon's orbit is 10. 
clined to that of its primary, and fo makes two nodes: And whenever 
the Sun, planet, and moon happen to be at the ſame time in the line of 
the nodes, there muſt be an eclipſe; which would occur at every con- 
junction, but for the inclination of che orbit. * oo ee 


= 
th : 


One of the conjunctions, namely, that made by the:moon's/poing 
beyond the primary, from the Sun, is called the SoPERIOHR Con 
Juxcriox; and the other, made by the ſatellite on the ſide of 'the 
planet next che Sun, is Galle the INFERIOR CoNJUNCTION, | 08” 
3 ES, 45 led an ie nt 
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The following table .ſhews, ha times whey by each ſatellite in its 
revolution, and alſo its mean diſtance from the primary in ſemidiame- 


ters of It, 2 = 
rere \ TA TIED = V AG 
37 #55. 9 nn gov *| IT v 2 
eee eee eee 
Saturn's ſate ll. 1 21 1812 19 41 3 12428 2fr. * oY | 
Diſt. from Sat. 87\.diam, 114 Ldiam. 15 f. diam. 30 ſ. diam. __ 
— —ů— — — — — 


. 4,13 283,| 3 13 184] 7, 3459446 18 fr 
be. from Jap. 530 diam. 9 . diam. Jidg f dag 253 7 hay 


The Moon" 0 [= 12 . and is diſt, froni the Earth — ſemidiameters, | 


RI SS* 5 ; 


e. of 2 e, an feb of the Planets. 


That the: gun and planets are ſpherical bodies 5-evident fron al the 
obſervations that have been made of them; and that the Earth is of like 
6gure-is, not only deduced by analog y, but ld confirmed by ob- 
ſervation v. Now although Aſtronomers generally ſay that the planets 
are ſpherical, yet they do not mean a Geometrical ſphere, but a figure 
called: an oblate ſ pheriod, which ĩs ſomething like the figure that a flexible 
ſphere would be formed into by gently prefling it at'its poles; Obſerva- 
tions have determined this. in Jupiter, andvir is known that the Earth is 
of this figure both from obſervations and actual menſuration. 

That the planets muſt have this oblate figure, is evident from this 
conſideration ; that as they are of matter, and violently whirled on their 
axes, all the parts would endeavour to fly off, like water from a trundled 
mop :: thoſe in the equatot moving ſwiſteſt have the greateſt tendency to 
depart : And although the parts are retained in the ſphere by the ſupe- 
rior force of gravity, yet the equatorial diameters will be ſomewhat in- 
creaſed, and the polar leſſened. 

41. The planets are all opake or dark bodies, and conſequently thine 
only by the light they receive from the Sun: This is known by ob- 
ſerving, that thoſe bodies are not viſible, when they are in ſuch parts of 
their'orbits as are between the Sun and Earth; or partly fo; Now, as 
all the planets ſometimes appear with a ſtrong light, therefore the rays 
they receive from the San muſt convey to them a degree of warmth pro- 
portional in ſome meaſure to their diſtance; which proportion is recipro- 
cally as the ſquares of the diſtances; and this muſt be readily inferred 
from the heat which the inhabitants of the Earth receive from the Sun. 

42. As a planet revolves on its axis, every part of its ſurface will be 
turned towards the ny and fo Fey its 121 3 _ | 


5 —_——— * — 
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"_ 


_ 


@ . 1 dag i in * of 8 the . part is 
bounded by a circular curve; and conſequently. the, body, which caſts the 
ſhade, or obſtructs the light, muſt be bounded by a like curve ; but as theſe 
obſcurations ate cauſed by different parts of the Earth, conſequently its ſur- 
face muſe be limited by & circular fighre, that is, it mult be \T'473? 
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204 ASTRONOMY, 
SECTION u. 
Of Terreftrial Aſtronomy. 


43. TERRESTRIAL ASTRONOMY is that which conſiders the 
tions of the celeſtial bodies as ſeen from the Earth, which is alſo in mo; 
tion. b y W 
The motions deſcribed in the preceding ſection were ſuch, as would 
appear to an obſerver viewing the heavens from the Sun: But were h 

placed in one of the planets, ſyppoſe the Earth, and there obſerved the 
motions of the reſt, the Sun, and other planets, would appear tg bing 
to revolve round the Earth as a center; but the Sun would be the only 
one that moved yniformly the ſame way: For the other planets would 
ſeem to move ſometimes from weft to caſt, and then to ſtand ſtill; 
then they would ſeem to run from eaſt to weſt; and after ſtanding 


ſome time, they would again move from weſt to caſt, and ſo on conti- 
nuall . ; ts — ö | 
Fu place in the celeſtial ſphere that any planet appears in, 


* F 
* 


44. The 

mom ſeen, from the center of the Earth, is called its GeocanTrie 
LACE. 49 

. The Dcr MoT10N of a planet is that by which it appears 

to — from weſt to eaſt, and this motion is ſaid ke be according to the 

order of the ſigns, or in _conſequentia, When the planet appears to ſtand 

ſtill, it is ſaid to be STATIONARY ; and when its motion is apparently 

from eaſt to weſt, it is then called RxTROGRADE, or has a motion in an. 

zecedentia, or contrary to the order of the ſigns. Theſe different appear- 

ances follow partly in conſequence of the obſerver being himſelf in mo- 


tion while he is viewing the motions of the planets, and partly becauſe 


he is not in the center of the motions which he obſerves. 


46. The Phenomena of the Iuferior Planets. See Fig, 2. Plate IV. 


Let ABC repreſent an arc of the celeſtial ſphere; top the Earth's ors 
bit; 1.N41G the orbit of an inferior planet, as of Venus; and s the Sun: 


Let the earth at firſt be ſuppoſed to ſtand ſtill in its orbit at E: Now it 


is evident that the Sun will appear at the point B, and the planet always 
within the arc ac. Whilſt the planet moves in its orbit from 1 through 
Qto x, it will ſeem to move from B to A in conſequentia + But paſſing 
from N to L, it will ſeem to an eye at k to return back from A to z, or 
be retrograde. While the planet is at, or near, the point , and moving 
as it were, in a right line towards the Earth, it will for ſome time ſeem 
to ſtand ſtill near A, and it is then ſaid to be flatianar rg. 

47. When the planet is in that part of its orbit v or 6, which is 
contiguous to the tangent EA or Ec, it will then a at A or Cy 
its greateſt diſtance fron the Sun, and is ſaid to have then the greateſt 
ELonGaTION : This elongation is meaſured by the angle 30. The 


more diſtant a planet is from the Sun, the greater will its angle of clonga» 
| tion 


1 
— 
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bon be ; that of Venus is about 48 degrees, and that of Mercury about 
8 degrees. | | Vit e OT eng 
; In Get pace of a revolution, the two inferior planets will; with reſpect 
to the Earth, undergo two conjunctions; one when it is ahe 
Sun at 1, the other when it is at I. between the Sun and the Earth; the 
former is called the ſaperior, and the latter the inferior conjunttion, 
48. Whilſt Venus goes from her ſuperior conjunction, ſhe ap in 
he are ba de wp te ine eee of the Sun, i fe s Flew Going 
time after the Sun, and is called the evening far. But during the time 
ſhe is going from her inferior to her ſuperior conjunction, ſhe will be 
ſcen ſomewhere in the arc c to the weſtward of the Sun, and fo will 
ſet before him in the evening, and riſe before him in the morning 
hence ſhe is called the morning /lar. [7:0 | W * 
Hitherto the planet only has been ſuppoſed to move while the Earth 
ſtood ſtill : but when both move, the foregoing phznomena will be 
much the ſame, — the planet will be more ditett in the fartheſt par 
of the orbit, and leſs retrograde in the neareſt; the former ariſing from 
the ſum of their motions, and the latter from the difference, 


* „ 


49. of the Phenomena of the Superior Pla. 


The direct, flationary, and retrograde appearances of the ſuperior 
nets are explained much after the ſame manner as thoſe of the —— 
ones, but with theſe differences 25 

iſt. The retrograde motions of the ſuperior planets happen oftener the 
ſlower their motions are, as the retrogradations of the inferior planets hap- 
pen oftener the ſwifter their angular motions are: Becauſe the retrograde 
motions of the ſuperior planets depend upon. the motions of the Earth, 
but thoſe of the inferior on their own angular motions. A ſuperior pla- 
net is retrograde once in each revolution of the Earth; an inferior one, 
in every one of its own revolutions, | en 

2d. The ſuperior planets do not always accompany the Sun as the in- 
ſerior do, but are often in oppoſition to him z which neceffarily follows 
from the orbit of the Earth being included in the orbits of the ſuperior 
planets, | | | ; FIFTY 


50˙ h Of the apparent motion of the Sun. 


As a ſpectstor in the Sun would ſee the Earth revolve through the uus 


in the ecliptic ; fo toa ſpectator in the Earth the Sun apparently revolves 
the ſame way, but is always in the oppoſite point of the ecliptic: (For it 
is well known to every one, eſpecipally to thoſe who uſe the ſea, that 
fixed objects appear to change their place by the motion of the obſerver :) 


So that the heliocemtric place of the Earth, and the geocentric place of 


the Sun, are always in direct oppoſite points of the ecliptic. 
Now although it is the motion of the Earth that really cauſes a great 

variety in the apparent motions of the other . yet as the motion 

of che Sun being known gives that of the Earth, therefore Aſtrono- 
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mers ſpeak of the motion of the Sun and in their computations uſe be 
quantities of thoſe motions as if they were real. OG 
5 r. Beſide the various appearances that ariſe from the anniAl motion 
of the Earth, there are many reſulting, from its diurnal motion; Fort 

the Earth has a daily motion round its axis mult neceſſarily be inferred 
from the moſt ſtrict reaſoning on the | motions of the planets; and.t 

notion, that bodies ſo immenſely diſtant as the ſtars are really revolve 
round the Earth in 24 hours, is now treated as a great abſurdity by every 
one who has rightly conſidered theſe things: However, as the motions 
are apparent, and the ſpeaking of them as real is cuſtomary and no way 
affects the concluſions; theretore Aſtronomers treat of thoſe motions. zz 


they ge. ud i us air ads ni cid ane 
52. Any ſphere revolving as on an axis, muſt have two points on it 
furface at the extremities of its axis, that do nqt revolve at all; theſe 
points, with reſpect to the Earth, arę called itg polen. 
3. By the Earth's rotation on its axis from weſt to eaſt in a day, the 
ſurface of the celeſtial ſphere appears to move from eaſt. to weſt in» the 
ſame time; and all the celeſtial objects appear to deſcribe circles in the 
heavens, which are greater or lels according as they are farther from, 
or nearer to, the apparent centers of thoſe motions : For there are two 
points in the heavens which are apparently fixed, and the'nearer any ſtars 
are to theſe points, the flower are their motions. Theſe points are called 
the CELESTIAL PoLES; the right line joining them is called the Ax1s 
oF THE SPHERE, and paſles through the poles of the Earth; the circle 
in the heavens, equally diſtant from the poles of the celeſtial ſphere, is 
called the EQuinocTIAL; the correſponding ciccle-on the Earth ĩs called 
the EQUAaToR, which is equally diſtant from both the poles of the Earth, 
5.4. As the Sun's 15 falling on any ſphere enlighten one half of its 
ſurface ; therefore ohe half of the Earth Is always illuminated at once, 
and conſequently the enlightened. part 3s bounded by a great circle, 
which may be called the TERMIiNaToR, from its property of termi- 
nating, or bounding the verges of light and darkneſs, Now, by the 
rotation of the Earth on its axis once in 24 hours, there will be a con- 
ſtant ſucceſſion of light in all parts on its, ſurface. as they are turned; 

wards the Sun, and of darkneſs in thoſe parts as they move out bi 
rays; and hence ariſe the viciſſitudes of Day and NI r. 1 
55. If the plane of the equator coincided with the plane of the eclip- 
tic, and the axis of the earth ſtood perpendicular to it, the terminator 
would always paſs through the poles of the Earth, and there would be a 
conſtant equality of day and night in every part of its ſurface, except at 
the two poles, where there would be conſtant day: But the contrary of 
this is known to every one, and obſervations ſhew, that the Earth's axis 
is inclined to the plane of the ecliptic in an angle of about 664 degrees; 
therefore the poles of the ecliptic and equator, are about 23+ degrees 
diſtant from one another; conſequently the ecliptic and equinoQial, 
which in the heavens interſect one another in the oppoſite points of 
Aries and Libra, makegat thoſe interſeCtions angles of about 231 de- 
grees (IV. 33): This angle is called the OnLiQuityY oF THE ECLIP- 
. TIC, 


* 


The axis of the Earth being thus inclined to the plane of the ecliptic, 
and moving parallel to itſelf in all points of the ANNUAL * of 
| ze, 
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ecliptic; is'the,aecafion of the inequality of days and nights, and: of the 
different ſeaſons of che: year z which two phenomena are explained as 
los. i mute „ h 941-10 nn 24441 I6 bis $456 int 
56. It muſt be-obſerved, that the Sun will appear to be vertical to that; 
port of the Earth, which is cut by a ſtraight line joining the centers of 
the Sun and Fama. lo I ir ch mode e eie be, 
57. Now when the Earth is at , Fig. 3. Plate IV. che Sun ap- 
pearing then in 25 will be vertical to that point of the terreſtrial eclip- 
tc, it lying in the tight line joining the centers of the Sun and Earth. 
And this point being in the Earth's: northern hemiſphere, | all thoſe who 
live there will enjoy ſummet, ot the botteſt time of the year, the ſolar 
rays falling more copioully, and more perpendicularly upon their kemi- 

ſphere at that tim. 1291 . Ae Tha 
58. At the ſame time the inhabitants of the ſouthern hemiſphere will 
have winter, the tays of the Sun falling more obliquely, and in leſs 
quautity on them, and conſequently affording them leſs heat. * 
59. Again, the inhabitants of the northern hemiſphere will have their 
days longer than their nights, in proportion as they ace more diſtayt 
{om the equator; whilſt thoſe who live under the equator will have an 
equal ſhare of day and nigutt all the year round. For in this poſition 
the terminator, which is al ways at right angles to the plane of the eclip- 
tic, will paſs 234 degrees beyond the north pole, and conſequently will 
cut all the circles parallel to the equator which it meets with into two 
vaequal parts: thoſe that are in north latitude will have the greater por- 
tions of thoſe parallels in the enlightened hemiſphere : but the termi- 
Treat circle will cut the equator into two equal parts; 


nator being a g 
ere ſore half the equator is al ways Illuminaten. . 
60. Hence it nect ſſarily follows, that thoſe who live under the equa» 


tor will have dtheim days and nights equal: thoſe who live within the 


limits of 235 degttes round the: north pole, will have no night; and 
the inhabitants bet wern this limit and the northern neighbourhood of 
the equator will; have their nights ſhorter than their days. In the mean 
time, thoſerwho live-in the ſouthern hemiſphere will have their nights 
longer than their days, in proportion as they approach neater to the 
ſouth pole; and the regions contained within the limits ot a 34 degrees 
round the ſouth pole will have no day Way ei Yn hd 

b1. Suppoſe: the Earth now to move in its orbit from i through the 
igns , X to V, the Sun will ſeem to run through the figns R, m to 
&.; and this will be the place ot the Sun in autumn. 

While the Earch is in , the days and nights will be equal in both 
hemiſpheres, and the ſeaſon is a medium between ſummer and winter: 
For at that time the Sun will appear vertical to the equator, becauſe a 
tight line joining the centers of the Sun and Earth will then cut the ſur- 
ace of the Earth in the equator ; ſo that the terminator, the plane of which 
is always at right angles tothe ſaid line, will paſs through the poles z con- 
ſequently, all the Earth will then have an equal ſhare of day and night. 
Aud becauſe the rays of the Sun then fall perpendicularly upon the axis 
of the Earth, it will then follow, that they muſt fall with an equal ob- 
liquity, and with equal number upon either hemiſphere ; therefore they 


mult enjoy an equal degree of heat and cold. 
‚ | Now 
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Now ſuppoſe the Earth to move from & to es, the Sun will ſeem to 
move from to , where it will be in its neareſt approach to the 
ſouth pole; and at this time of the year it will be winter in the northern 
hemiſphere. For to this hemiſphere the like phenomena will now 


happen, which did before to the ſouthern, when the Earth was in »; 
and by a parity of reaſon, when the Earth has got as far as , and the 
Sun is apparently in Y, the northern hemiſphere will enjoy ſpring, 
and the fouthern will have autumn. | 

62. The four points of the ecliptic, in which the Earth has been 
conſidered in ſummer, autumn, winter, and ſpring, are called the four 
CARDINAL PoiNTs ; f and 23 are called 8oLSTITIAIL Poturs; a 
and , EQUINOXTIAL PoINTSs, | 

63. The firſt point of Cancer is called the SUMMER SoL$TICE 
becauſe when the Sun enters it, which is about the 21ſt of June, he has 
then got to the greateſt extent northwards, and being about'to return 
towards the equator, he ſeems for a day or two to be at a ſtand, ' And 
for the ſame reaſon, the firſt point of Capricorn, which the Sun enters 
about the 21ſt of December, is called the WINTER SoLsTICE, with 
reſpect to the northern hemiſphere, | 

64. The firſt points of Aries and Libra are called the VER. 
and AUTUMNAL EqQuinocTIAL PolnTs, from the equality of days 
and nights all over the ſurface of the Earth, when the Sun enters thoſe 
points. 4 1. 


65. Of the Rifing and Setting of the Stars. | 
| There is only one half of the celeſtial ſphere viſible at one _ 
by 


any obſerver on the ſurface of the Earth, the other half being bid bythe 
Earth itſelf. Now the apparent plane on which the obſerver ſtands, 
ſeems to be extended to the heavens, and there marks out a circle that 
divides the viſible from the inviſible hemiſphere ; this circle is called 
the Hor1zoN, above which all the celeſtial motions are ſeen. | When 
this horizon is a great circle of the celeſtial ſphere, it is called the Ra- 
TIONAL Horizon: but when by the particular ſituation of the ob- 
ſerver, he ſees more or leſs than half the celeſtial ſphere, then the circle 
bounding his view is called the Sens1BLE Horizon, | 

The horizon is one of the moſt uſeful circles in Aſtronomy ; for to 
this circle, which is the only apparent one, almoſt all the celeſtial motions 
are referred. It is the common termination of day and night; it marks 
out the times of the 950 27 ſetting of the Sun and ſtars, and many 
other particulars, of which hereafter. x N 


66. Of Parallaxes. l 


The PaRALLAx of any object is the difference between the places 
that object is referred to in the celeſtial ſphere, when ſeen at the ſame 
time from two different places within that ſphere : Or, it is the angle 
under which any twe places in the inferior orbits are ſeen from a 
ſuperior planet, or even from the fixed ſtars : But the parallaxes uſed by 
Aſtronomers are thoſe which ariſe from ſeeing the object from the cen 
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ters of the Earth and Sun; from the ſurface and center of the Earth; 
and from all three compounded. 

67. The difference between the heliocentric and geocentric place of 
a planet, is called the parallax of the annual orbit (namely, that of the 
Earth) ; that is, the angle at any planet, ſubtended by the diſtance be- 
tween the Sun and Earth, is called the parallax of the Earth's, or annual 
orbit. | 

68. The difference in the two longitudes is called the parallax of 
longitude ; and that of the two latitudes is called the parallax of la- 
titude. 

69. In the Sy ziG1Es, that is, in the eppeſitions or canjundtions, the Sun 
and planet being equally advanced in the ſame fign, or in like places in 
oppolite ſigns, the parallax of latitude is then greateſt, 

70. And when the planet is in its QUADRATURES, that is, when it 
is 90 degrees diſtant from the Sun, the parallax of longitude is then the 

reateſt. : 
, 71. * explain the parallaxes which reſpect the Earth only. Fig. 2. 
Plate IV. | 

Let ysw repreſent the Earth, where T is the center; ox part of 
the Moon's orbit, Prg part of a planet's orbit, and za part of a great 
circle in the celeſtial ſphere. New to a ſpeCtator at s upon the ſurface 
of the Earth, let the Moon appear in G, that is, in the ſenſible horizon 
of s, and it will be referred to A; but if viewed from the center r, it 
will be referred to the point D, which is its true place. 

The arc AD will be the Moon's parallax ; the angle so the parallactic 
angle: Or the parallax is expreſſed by the angle under which the ſemi- 
diameter Ts of the Earth is ſeen from the Moon. 

If the parallax is conſidered with reſpect to different planets, it will 
be greater or leſs, as thoſe objects are more or leſs diſtant from the 
Earth. Thus the parallax AD of G is greater than the parallax ad of g. 
If it is conſidered witk reſpect to the lame planet, it is evident that the 
horizontal parallax (or the parallax when the object is in the horizon) is 
greateſt of all; and diminiſhes gradually as the body riſes above the 
horizon, until it comes to the zcuith, where the parallax vaniſheg, or 
becomes equal to nothing. Thus ad and ad, the horizontal parallaxes 
of G and g, are greater than an and ab, the parallaxes of R and r; and 
the objects o or r, ſeen from s or T, appear in the lame place z, or 
the zenith. 

72. By knowing the parallax of any celeſtial object, its diſtance from 
the center of the Earth may be eaſily obtained by Trigonometry,. Thus 
if the diſtance of d from T is ſonght ; in the triangle sro, the fide sT 
being known, and the angle sor determined by obſervation, the ſide 
TG is thence known. | 

The parallax of the Moon may be determined by two perſons ob- 
ſerving her from different ſtations at the ſame time, ſhe being vertical to 
the one, and horizontal to the other; and it is generally concluded to 
be about 57 minutes of a degree; conſequeatly her mean diſtance TG 
is about bo ſemidiameters of the Earth, or bo times Ts. 

But the parallax the moſt wanted is that of the Sun, by which his ab- 


&lute diſtance from the Earth * known ; and thence the abſo- 
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lute diſtances of all the other planets would be obtained from their rela. 
tive diſtances found by the fecond Keplerian Law. 

Before the year 1761 ſome Aſtronomers reckoned the Sun's parallax 
at 125 ſeconds, others at 19; thefe different parallaxes gave very dif. 
ferent diſtances between the Sun and the Earth ; the former making the 
diſtances near 8270 diameters of the Earth, and the latter x031 3 diame. 


ters. 


But in the years 1761 and 1769 the planet Venus pafſed between the 
Earth and the Sun, and was feen like a black fpot moving over the face 
of the Sun. "Theſe phenomena (which had not happened in more than 
100 years before) were obſerved by many Aſtronomers from different 
parts of the Earth, and the reſult of their obſervations make the Sun's 


mean parallax about 8 7 ſeconds, and hence the mean diſtance between 


the Sun and Earth comes very nearly to 11900 diameters of the Earth: 
And, from what was ſhewn many years ago by the excellent Dr. Halley, 
it theſe obſervations were made with the accuracy he ſuppoſed, the diſ- 
tance between the Sun and the Earth might be obtained to leſs than a 
5coth part of the whole diſtance. 


73. = 4Of the Meafure of the Earth. 


The relative diſtances of the planets are diſcovered by the 2d Keplerian 
Law, and their relative magnitudes are gathered from the angles which 
they appear under (when viewed with very accurate inſtruments) com- 
pounded with their diſtances, Now as theſe diſtances and magnitudes 
can by means of the parallaxes be compared with the diameter of the 
Earth, conſequently this diameter being accurately known would ſerve 
as a meaſure with which the magnitudes and diftances of all the other- 
planets might be compared. | | 

To find the meaſure of the Earth is a problem of ſuch importance in 
Aſtronomy, that it has been attempted by ſome of the moſt conſiderable 
men in almoſt all the preceding ages. But its ſolution was not brought 
to any degree of accuracy till the year 1635, when it was very nearly af- 
certained by our countryman RICHARD Nokwoonp, an eminent mathe- 
matician at that time. The principle he proceeded upon was this, that 
as 360 degrees were contained in every great circle, both of the celeſtial 


ſphere and of the Earth, and as theſe circles are conſidered as concen- 


tric to the center of the Earth; therefore, were the meaſure of a degree 


known on a great circle of the Earth, correfponding to a degree of a 


great circle of the heavens, then, by analogy, the whole circumference 


of a great circle of the Earth would be known in that meaſure, and con- 
ſequently its diameter would be obtained. (II. 197) 


Nox woop ſolved this problem in the following manner: He choſe 
two diſtant places which were known to lie nearly north and ſouth one 
of the other, as Londqn and York; and by a method like that of 
Traverfe failing (explained in Book VII.) he ſound their difference of 
latitude, or, the diſtance between the parallels of latitude paſfing through 


| thoſe places ; or which is the ſame thing, the length of that arc of the 


terreſtrial meridian, He alſo with a good inſtrument found the diſtance 
berween 
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between the zenichs of thoſe places, and conſequently he thence knew 
the quantity of the celeſtial arc anſwering to the meaſured terreſtial one. 
Then ſaying, As that celeſtial arc is to a great circle of the celeſtial 
ſphere, or 360 degrees; ſo is the arc of the terreſtial great circle mea- 
ſured in feet, to the circumference of a great circle of the Earth in feet 
meaſure. | ; 

And thus he found that about 69 Engliſh miles anſwered to one de- 
gree ; hence the circumference of the Earth appears to be 25020 miles, 
and its diameter about 8000 miles. 


By the ſame kind of reaſoning, the diſtances found in art. 72. from 
the parallaxes, were obtained. 


For 127 : 360? ; : 1 ſemi-diam.: 19609 1 of the 
10 : 360 :: I ſemi-diam. : 129600 þ the 4 Earth's orbit in ſemi- 

83 : 360 :: 1 ſeqyi diam. : 149538 diameters of the Earth, 
And 6, 2831853: 103680 : : 1 : 16539,5 45 diſt. of the Earth 
6,2831859 : 129600 :: 1 : 20026, 4 the 5 from the Sun, in ſemi- 
6,283185 : 149538 :: 1 : 23799,8 d. of the Earth. (II. 197) 


Then 1639.5 Xx 4000 = 66158600 Mean diſtance of the 
20626, 4 X 4000 = B2505600 þ the 4 Earth from the Sun, in 
23799,8 x 4000 == 95199200 miles. 


74. of the Moon. 


The Moon revolves in her orbit from weſt to eaſt round the Farth, 
and is carried perpetually with it through the annual orbit round the 
Sun, making in the ſpace of one year 13 periodical, and 12 ſynodical re- 
volutions. , | 

75. A PERIODICAL MonTH, or F:&voLUTION, is the time the Moon 
takes up in revolving from one point of her orbit to the ſame point again, 
and conſiſts of 27 d. 7 h. 43 m. 

76. A SYNODICAL MonTH, or REvoLUTION, is the time the 
Moon ſpends in paſſing from one conjunction with the Sun to another 
which is 29 d. 12 h. 44 m.; being 2d. 5 h. 1 m. longer than the Perio · 
dical Month. For whilſt the Moon is paſſing from her former conjunc- 
tion with the Sun round to it again; the Earth has proceeded forwards 
in its annual courſe, as it were leaving the Moon behind it ; ſo that, in 
order to complete her next conjunction with the-Sun, ſhe muſt not only 
come round her former point again, but alſo go beyond it, 


77. Beſides this moathly motion of the Moon round the Earth, ſhe - 


has alſo a motion round her axis, which is performed exactly in the ſame 
time with her periodical revolution: Hence it comes to paſs, that the 
lame face of the Moon is always turned towards the Earth, ber diurnal 
oo turning juſt as much of her face to us, as her periodical turns 
rom us. 

78. Though the ſame ſide of the Moon is ever turned towards us, 
ye it is not always vicibie, but daily ſeems to put on different appear- 


TA | | hoces 


ä — — — 
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ances, called PHASES : For the Moon being an opake body like the reſt 
of the planets, borrows its light from the Sun, having always one hemiſ- 
phere enlightened by the ſolar rays. 

When the enlightened hemiſphere is wholly turned from the Earth, as 
at her change or time of new-moon, the planet then being betwixt us 
and the Sun, the Moon's whole enlightened face, or dit, muſt needs 
be inviſible to the Earth. When the paſſes from this ſtate, and turns 
ſome little portion of the illuminated half to us, ſhe muſt appear horned, 
the Cusps or points being turned from the Sun towards the eaſt. When 
the Moon is in her quadratures, or at 90 degrees from the Sun, then 
half the illuminated face becomes viſible : She afterwards continues to 
ſhew more than half the enlightened diſk, until ſhe comes in oppoſi- 
tion to the Sun or time of full- moon, when the whole of the illuminated 
orb is preſented to us; from whence receding, ſhe muſt put on the like 


phaſes as before, but in an inverſe order, the cuſps being now turned 
towards the weit, | 


79. Of folar and lunar Eclipſes. 


Eclipſes of the Sun and Moon can only happen about the times of the 
conjunctions and oppoſitions : thoſe of the Sun fall out at the conjunc- 
tions, when the Moon intercepts the light of the Sun from the Earth ; 
and thoſe of the Moon occur in the oppoſitions, when the Earth getting 
between the Sun and Moon, the latter loſes her light during the time of 
that interpoſition. 

The cauſe why there is not an eclipſe in every ſyzigie is the inclim- 
*tion of the plane of the Moon's orbit to that of the ecliptic, which is 

about 5 18': for it is certain, that unlefs the Sun, Earth and Moon 
are all in the plane of the ecliptic, or nearly ſo, the ſhadows of the 
Earth-and Moon can never fall on one another, but muſt be directed 
either above or below. Now they can never be in the ſame plane, and 
in one right line, except when the Moon is in her nodes, the nodes and 
Sun's center being in the fame right line. - 

80. The ſolar and lunar eclipſes do not happen every year in the 
fame places of the zodiac, but in fucceeding years they fall in places 
gradually removed backwards, or towards the antecedent ſigns : For 
ſince the nodes are found to go continually backwards, the eclipſes mult 

alſo oblerve the ſame order. | * 

8 1. Eclipſes of the Moon are either total or partial: the total happen 
when the node falls in or near the center of the ſhadow: and the par- 
tial, when the node happens to be on either ſide the center, within ot 
without the ſhadow. Now the longer the duration of a partial eclipſe is, 
ſo much the greater is that part of the Moon which enters into the ſha- 
dow of the Earth. . N 

82. Hence it is uſual to conceive the Moon's diameter as divided into 
12 parts, called D161Ts, by which the greatneſs of partial eclipſes is 
meaſured, they being ſaiduo be of ſo many digits as they are parts co- 
vered by the Earth's ſhadow : Thus if 5 of the 12 parts are covered, it 
is called an eclipſe of 5 digits. : 

83. As the planet Mars is never eclipſed by the Farth, it is plain 
the ſhadow of the latter does not reach ſo far as the orbit of the my 

ut 


/ 
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but tapers to a point at a leſs diſtance ; and conſequently the Earth's 
{hadow mult be a cone, the vertex of which is extended beyond the orbit 
of the Moon, It naturally follows from hence, that the Sun is a much 
larger body than the Earth; it is indeed, in diameter, above 100 times 
that of the Earth. a 

84. If a perſon was placed juſt at the vertex, or point of this ſhadow, 
he would ſee nothing of the Sun but a ſmall rim of light rousd his diſk ; 
and the farther the obſerver was removed from the vertex, the larger 
would the rim of light appear, and conſequently the fewer rays would 
be intercepted by the opake body, till at laſt it would appear only as a 
ſpot in the Sun; in like manner as the planets Venus and Mercury ap- 
pear when they are ſeen to paſs over the Sun's diſk. 

85. What has hitherto been ſaid of the ſhadow of the Earth includes 
that of the atmoſphere ſurrounding the Earth: for in lunar eclipſes the 
ſhadow of the atmoſphere is to be conſidered. And hence it is that the 
Moon is viſible in eclipſes, the ſhadow caſt by the atmoſphere being not 
near ſo dark as that caſt by the Earth. 

86. The Moon always enters the weſtern fide of the ſhadow with her 
eaſtern limb, and quits it with her weſtern limb; and in her approach 
to and receſs from the ſhadow, the muſt paſs through a PENUMBRA, ar 
imperfect ſhade, which is cauſed by the Earth itſelf. | 

87. In the ſame manner, in which it has been ſhewn that the Moon 

a come into the ſhadow of the atmoſphere, when ſhe is at full and at 
or near a node, it may alſo be ſhewn, that her ſhadow muſt fall upon 
the Earth at the time of new Moon, provided ſhe is in or near a node: 
But the penumbra of the Moon's ſhadow is much more ſenſible in 
folar eclipſes, than that accompanying the ſhadow of the Earth in lunat 
ones. 
888. It is obſerved, chat to determinate parts of the Earth ſolar eclipſes 
ate not ſeen ſo oft as lunar ones; which is owing ta the ſhadow of the 
Moon being leſs than that of the Earth : For the Earth's ſhadow often 
covers all the Moon; but that of the Moon cannot cover all the Eartb; 
and as it ſometimes falls on one part, ſometimes on another, it cauſes 
ſolar eclipſes, in general, to be more frequent than lunar ones; yet to 
any determinate place on the Earth there are more eclipſes of the Moon 
wiſible, than of the Sun. 

What has hitherto been ſaid, may ſuffice to give beginners a general 
idea of the motions of the bodies in the ſolar ſyſtem, and of ſome of the 
phenomena thence ariſing ; thoſe who deſire to be farther acquainted 
with particulars, may find them fully treated of in M. de la Caille's 
Elements of Aſtronomy, publiſhed in Engliſh a few years ſince “; and 
alſo in the works of Gregory, Keil, and others. | 


* Tranſlated by the Author of theſe Elements, 
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Book V. 


LEE CThio NHL 


The Aſtronomy of the Sphere. 


DEFrFiNniTIiONs and PRINCIPLES. 


89. By the Aſtronomy of the ſphere is meant the finding, from proper 
things given, the meaſure of certain arcs and angles formed on the ſur- 
faces of the celeſtial and terreſtrial ſpheres, by the apparent motions of 
the bodies which are ſeen in the heavens. 

The ſurfaces of thoſe ſpheres are ſuppoſed to be concentric to the 
center of the Earth, and to have correſpondent circles deſcribed on both 
ſpheres. | 
; o. GREAT CIRCLES are thoſe which divide either ſphere into two 
equal parts. 

LessER CIRCLEs, thoſe which divide the ſphere into unequal parts. 

The PoLes of a circle are the points on the ſphere equally diſtant 
from that circle, 

An Axis is a right line ſuppoſed to connect the poles. 

The CELESTIAL Axis is that right line about which the heavens 
ſeem to revolve. : 

The NorTH and SouTH Porxs of the world are thoſe two points 
where the axis cuts the celeſtial ſphere. | 

91. The EquixocTiaL, or EqQuaToR, is the great circle of the 
ſphere equally diſtant ſrom the poles of the world. 

92. MERiDians, or Hour CiRCLEs, or CiRCLes of RiGnT As- 
CENSION, or CIRCLES OF T ERRESTRIAL LONGITUDE, are great Cir= 
cles | to the equator, and paſling through the poles of the 
world. 

93. The EcL1PTIC is a great circle inclined to the equator in an 
angle of about 234, and cutting it in two points diametrically oppoſite, 

The ecliptic 1s ſuppoſed to be divided into 12 equal parts, called 
SIGNs, beginning from one of its interſections with the equator z each 
fign containing 30 degrees, named and noted thus. 


Aries aurus Gemini Cancer Leo Virga 
= 8 I 3 N * 
Libra Scorpis Sagittarius Capricornus Aquarius Piſces 

> 8 


m f las - X 

The firſt fix are called northern, and the latter fix ſouthern ſigns. 

94. The CAR DIN AL PoinTs of the ecliptic are the four firſt points 
of the ſigns , , >, yy; thoſe of Y and & are called EQUINOCTIAL 
PoinTs, and thoſe of & and yy are called SoLsTITIAL PoiNTs. 

95- | he EQUINOCTIAL COLURE is a meridian paſſing through the 
egvinoctial points; and the ,SOLSTITIAL COLURE is another meridian 


paſſing through the ſelſtitial points. The coloures cut one another at right 
angles in the poles of the world. 


69. Cix- 
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96. CIRCLES OF CELESTIAL LONGITUDE are great circles perpen- 
dicular to the ecliptic. 

97. The LaTiTuDE of 1 Lees, in the heavens is an arc of a 
circle of longitude intercepted between that point and the ecliptic, and 
is called north or ſouth latitude, as the point is on the north or ſouth 
fide of the ecliptic, 

98. PARALLELS OF CELESTIAL LATITUDE are ſmall circles pa- 
rallel to the ecliptic. 

90%. The LonciTuDpE of any point in the heavens is an arc of the 


ecliptic intercepted between the firſt point of Aries and a circle of lon- 


gitude paſſing through that point. 

100. The RicHT ASCENSION of any point of the celeſtial ſphere is 
an arc of the equator, contained between the firſt point of Aries and a 
meridian paſſing through that point: Or, it is the angle formed by the 
equinoCtial colure, and the meridian paſling over that point. | 

101, The DECLINATION of any point is an arc of a meridian con- 
tained between that point and the equinoClial : If the point is on the 
north fide of the equinoctial, it is called north declination; but if on the 
ſouth fide, it is called fouth declination. 

102. The OBLiquity oF THE ECLIPTIC is the angle made by th 
interſection of the equator and ecliptic, and is meaſured by the gon 
greateſt declination; which, according to modern obſervations, is about 
239 28, a 

: 03. PARALLELS oF DECLINATION are ſmall circles parallel to the 
equinoCtial, The Tropic or CANCER is a parallel of declination at 
23 28" diſtant from the equinoCtial in the northern hemiſphere; and 
che TROPIC OF CAPRICORN is che parallel of declination as far diſtant 
in the ſouthern hemiſphere. | 

104. The ArcTic PoLar CIRCLE is a parallel of declination at 23® 
28' diſtant from the north pole; and the ANTARCTIC POLAR CIRCLE is 
the parallel of declination as far diſtant from the ſouth pole. 

105. The ZENITH is tke point of the heavens directly over a place; 
and the NADIx is the point directly underacath. 

106. The Hor1zoN is that great circle of the ſphere which is equally 
diſtant from the zenith and nadir of any place, and divides the ſphere 
into the upper and lower hemiſpheres. 

107. The RisixG of a celeſtial object is when its center appears in 
the eaſtern part of the horizon; and its SETTING is when its center 
diſappears in the weſtern quarter of the horizon. 

108. AZIMUTH, or VERTICAL C1RCLEs are great circles perpen- 


dicular to the horizon, paſſing through its poles, which are the zenzth . 


and nadir. 

109. The PRIME VERTICAL is that vertical circle which paſſes through 
the eaſt and weſt points of the horizon, and is at right angles to the me- 
ridian of the place, which is a vertical circle paſſing through the north 
and ſouth points of the horizon. 

110. As the meridian of a place is called the twelve o'clock hour circle, 
ſo tile hour circle at right angles to the meridian is called the fix o'clock 
hour arde. | : 

111. The AzIMUTH of any celeſtial object is an angle at the zenith 


ſormed by the meridian of any place, and a vertical circle paſſing 5 
| P 4 that 
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that object when it is above or below the horizon; And, it is meaſured 

by the arc of the horizon intercepted between thoſe vertical circles, 
112. The AMPLITUDE of any object in the heavens is uſually taken 

as an are of the horizon contained between the eaſtern point of it, and the 


center of the object at its riſing, or between the weſtern point of it and 


the center of the object at its ſetting ; or it may be taken as an angle at 
the zenith, included between the meridian of a place and a vertical circle 
paſſing through the object at its riſing or ſetting. 

113. The ALTITUDE of any point in the heavens 1s an arc of a 
ver. ical circle intercepted between that point and the horizon. 

114. ]he ZENITH DISTANCE of any object is an arc of a vertical 
circle contained between that point and the zenith. 

The altitude and zenith diſtance are complements one of the other. 

115. The MeRivian ALTITUDE, or MERIDIAN ZENITH Dis. 
TANCE, is the altitude or zenith diſtance when the obje is on the 
meridian of the place, 

116. The CULMINATING of any celeſtial object is the time it 
tranſits, or comes to the meridian. And the MEDIUM CoEL1, or Mip- 
HEAVEN, to any place is that degree of the ecliptic, or part of the 
heavens, over the meridian of that place, at any time. Or the Mid- 
HEAveN is the diſtance of the meridian from the firſt point of Aries, 
reckoned on the equinoQtial. 

117. The Nonageſimal degree is the goth degree of the Ecliptic, 
reckoned from its interſection with the eaſtern point of the horizon, at 
any given time. ; 

Conſequently the altitude or height of the nonageſimal degree 
above the horizon is equal to the diſtance of the poles of the Ecliptic and. 
Horizon; and is the meaſure of the angle which the ecliptic makes with 


the horizon. 


118. ALMICANTHERsS, or PARALLELS OF ALTITUDE, are {mall 
circles parallel to the horizon. 

119. A PARALLEL SPHER= is that poſition of the ſphere in which 
the circles, apparently deſcribed by the diurnal rotation, are parallel to 
the horizon; which can happen only at the poles. 

120. A RIGHT OPHERE is that in which the diurnal motions are at 


right angles to the horizon: Thus it appears in all places under the 


equator. 
121. An OBLIQUE SPHERE has all the diurnal motions oblique to the 
horizon : And thus the motions appear to all parts of the Earth, except 


under the poles and equator. 


122. DIiURNAL ARCs are thoſe parts of the parallels of declination 
of celeſtial objects which are apparently deſcribed between the times of 
the riſing and ſetting of thoſe objects: And NocTURNaL ARCS are the 
parts of thoſe parallels apparently defcribed from the time of ſetting to 
the time of riſing. 9 

123. SEMI-DIURNAL and SEMI-NOCTURNAL ARCS, or the halves 
of diurnal and nocturnal Fes, are the parts of the parallels intercepted 
between the meridian and the horizon. The correiponding pait of the 
equator anſwering to the ſemi-diurnal are, gives the times between noon 
and the riſing or ſetting; and the equatorial part anſwering to the ſemi- 

nocturnal 
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nocturnal arc, ſhews the time between midnight and the time of ſetting 
or riling. | | 

1 The OBLIQUE ASCENSION of any object in the heavens, is an 
arc of the equinoctial intercepted between the firſt point of Aries and 
the eaſtern part of the horizon when that object is riſing; and the OBL 1- 
QUE DESCENSION is an arc of the equinoctial intercepted between the 
firſt point of Aries and the weſtern part of the horizon at its ſetting. 

125. The As8CENSIONAL DIFFERENCE belonging to any celeſtial 
object is an are of the equinoctial intercepted between the horizon and 
the hour-circle which the object is on when it riſes or ſets; or it is the dif- 
ference between the right and oblique aſcenſion of that object. In the 
San, it is the time that he riſes or ſets before or after the hour of ſix. 

126. The LaTITupe of any place on the Earth is an arc of a ter- 
reſtrial meridian contained between that place and the equator; or it is 
an arc of a celeſtial meridian intercepted between the zenith of the place 
and the equinoCtial ; being north or ſouth, according to the ſide of the 
equator it is on. 

127. The LoxnGiTuDE of any place on the Earth is an arc of the 
equator contained between the meridian of that place and the meridian 
which is choſen for the firſt, where the reckoning of longitude begins: 
Or, it is the angle at the pole formed by the firſt meridian, and that of 
the place. 

128. REFRACTION, in an aſtronomical ſenſe, is the difference be- 
tween the true and apparent altitudes of celeſtial objects; they appear- 
ing more elevated above the horizon than they really are, on account 
of the denſity of the Earth's atmoſphere, or air and vapours ſurround- 
ing it. 

38 The Tw1L1GHT is that medium between light and darkneſs, 
which happens in the morning before ſun-riſe, and in the evening after 
{un-ſet. 

This is occaſioned by the atmoſphere's refracting the ſolar rays upon 
any place, although the Sun is below the horizon of that place, and by 
obſervation it is found to begin and end when the Sun is about 18“ be- 
low the horizon. | 

130. | he CREPUSCULUM is a ſmall circle parallel to the horizon at 
189 below it, where the twilight begins and ends. 

131. The LATITUDE OF A PLACE is expreſſed by an arc of the me- 
ridian, ſhewing the diſtance between the zenith of that place and the 
equinoCtial ; or, by an arc of the meridian, ſhewing the height of the 
pole above the horizon. 

For under the pole, or in the latitude of go degrees, the pole is in 
the zenith, or is 90 degrees above the horizon; ſo that, in this caſe, 
the horizon coincides with the equinoCtial. 

And as many degrees as the obſerver goes from the pole towards the 
equator, ſo many degrees does his horizon go below the equator on one 
ſide, and approach the pole on the other fide. 

Therefore the pole approaches the horizon juſt as much as the zenith 
approaches the equator ; that is, the height of the pole above the ho- 
11zon, is equal to the diſtance of the zenith from the equinoctial, which 
is equivalent to the diltance of the obſerver from the equator, or is 
equal to the latitude. 

132. As- 
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132. AsTRONOoMICAL TABLES in general contain numbers ſhew. 
ing either the meaſure of the diſtances of the heavenly bodies from cer. 
tain limits which are uſed to repreſent remarkable times and places; or, 
the times when thoſe bodies had, or will have, given poſitions relative 
to thoſe limits, 

Some of the chief aſtronomical tables are, 

Solar and lunar tables for finding the places of thoſe luminaries at 
given times, 

"Fables for finding the places of the other planets. 

Stellar tables for Bading the places of the ſtars. 

Tables ſhewing the Sun's place, declination, and right aſcenſion for 
given times. 

Tables of refractions for correcting obſervations on altitudes, 

Tables of the equation of time; or the difference between the times 
ſhewn by a ſun-dial and a well regulated clock. 

Se. 

The aſtronomical tables chiefly wanted in this work are placed at 
the end of this book; and are preceded by an accouat of their con- 
ſtruction and uſe. 

133. As the Earth makes one revolution on its axis in a common 
day of 24 hours; therefore every point of the equator will deſcribe the 
circle of 360 degrees in 24 hours; and conſequently, if 360 degrees 


give 24 hours, any other number of degrees will give its proportional 


hours: And if 24 hours give 360 degrees, any other number of hours 
will give its proportional number of degrees. 

And hence are derived methods for converting arcs of circles into 
meaſures of time, and meaſures of time into arcs of circles, 


To reduce degrees, minutes, &c. to time. 


Multiply by 24, and divide by 360; or multiply by 4, and divide by 60: 
Or, Divide the given degrees by 15 for hours; multiply the remainder 
by 4 for minutes, adding to the product 1 minnte for every 15“ of a de- 
gree ; the overplus minutes of.a degree, multiplied by 4, give ſeconds 
of time, Oc. 

Or thus: Let the quotient of the given degrees by 60 ſtand for the 
firit name; the remaining degrees for the ſecond name; and the 
other given names in order following: Then this number multiplied 
by 4, will give the hours, minutes, ſeconds, &c. in order. 


To reduce time into degrees. 


Multiply the given hours by 15 gives degrees, to which add 19 for 
every 4 minutes of time; for every overplus minute reckon 15” of a 
degree; and for every ſecond of time take 15/” of a degree. 

Or thus: Divide the time by 4, carrying 'by ſixties, the quotient will 
be in order, ſixties of degrees, degrees, minutes, ſeconds, &c. : Then 
ſixties of degrees and degites being reduced, will give the degrees, &c. 
required, | 


Ex AM. I. 


37 


4 


th 


Book V. A STRONO M. 219 
Exam. I. Reduce 69 200, 45 % EX AM. II. Reduce 4, 37, 23%, 


its correſponding time. to its correſponding degrees, 
15) 69? 200 45 ( 37" 23* 4 37” 237 
is 
9X 4+1= 37 


a 60* o& oO” for 4 hours. 
5$X4+3=23 9 Is o for 37 minutes, 
| 5 45 for 23 ſeconds. 


| 699 3 45” 


Exam, III. Reduce 2370, 44 Ex Au. IV. R. duce 150, gon, 585, 


27”, to its equivalent time. 28*, 10 its equivalent degrees, 

60) 237 { 4) 15? go" 589 28t 
3.57: 44 37 * 57 4% 37” 
n Or 237 44 757 Anſwer, 

Anſwer 15 50 58* 28* | 


As the Sun is conſtantly changing his place, the tables of his right 
aſcenſion ſhew for every day at noon (when he comes to the meridian 
of the place for which the tables are made), what part of the equator 
is intercepted between that meridian and the equinoctial point x. The 
tables for the ſtars ſhew the equatorial arcs contained between the point 
and the ſection of circles of right aſcenſion, paſſing through thoſe ſtars: 
The meaſures of the arcs of right aſcenſion are reduced to time. 

There are few days when one or more ſtars do not come to the meri- 
dian with the Sun, and then they have the ſame right aſcenſion with 
him: Alſo, at ſome time of the year, the Sun muſt have the ſame 
right aſcenſion which any propoſed ſtar has; though at other times 
he may have a leſs, and fo precedes, or comes to the meridian be- 
fore that ſtar; or a greater, and ſo follows the ſtar, and comes to the 
meridian later. And hence is derived the following method 


To rt D THE CULMINATING OF THE STARS. 
124. Cast I. To find the time toben any flar in the table will be upon 


the meridian. 


RvuL E. Subtract the ſun's right aſcenſion for the propoſed day from the 
right aſcenſion of the given ſtar ; the difference will be the time of the 
ſtar's culminating nearly. Say as 24 is to the daily change of the ſun's 
right aſcenſion, ſo is the time of culminating, nearly, to a fourth 
number; which being ſubtracted from the time of culminating nearly, 
will give the true time of the ſtar's culminating. If this time be leſs 
than 12? it happens in the afternoon ; but if more than twelve hours, 
the exceſs above 12% will ſhew the time next morning. 

N. B. 24* muſt be added to the flar's right aſcenſion, if the ſun's right 
aſcenſion be greateſt, 
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Ex AM. I. At what time will the Ex. II. On the 26th of Feb, 1580, 
ar Ardturus come to the meridian of at what hour will the ſiar Virgirts 


London on the 1/4 of September, 1780? |Spike be on the meridian of London? 


Right aſcen. of Arcturus 14* 5 42” | Virg. Spike's right aſc. 130 13“ 38% 
Sun's right aſcenſion 10 44 34 |Sun's right aſcenſion 22 37 10 
Time of culmin. nearly 3 21 8 Time of culm. nearly 14 36 28 
And 3Þ 214” give 39 And 14, 36 give 2 18 
True time of ſtar's culm. 3 20 38 True time of ſtar's culm. 14 34 36 


If the time of the ſtar's culminating be wanted for any other meridian 
than that of Greenwich, or London, add the longitude in time to the 
time of culminating nearly, if the longitude be weſt, or take their diſ- 
ference if it be eaſt, and uſe that ſum or difference inſtead of che time 
of culminating nearly: obſerving, only, in the latter caſe, that if the 
longitude in time be greater than the time of culminating nearly, that 
the min. and ſec. reſulting from the proportion, muſt be added to the 
time of culminating nearly, inſtead ot being ſubtracted from it. 


Ex Au. On the 26th of February, 1784, what time will Syrius be on the 
meridian of a place which is in longitude 1669 30 E. of London? 


Rt. aſcen, Syrius, 1780 6h 35” 28” f OLE | 
PreceſBon for 4 years 1 12 ? Rt. aſc. of Syrius, 1784 6) 35˙ 39" 
Sun's right aſcen, 22 37 10 
Time of culmin. nearly 7 58 36 [Time of culm. nearly +7 58 29 
Long. in time 11 6 oo fand zu n 4 give + 29 
Difference 3 7 24 [True time of ſtar's culm, 7 58 538 


Case II. Ts find if any flar in the table will be on, or near the meridian 
at a given time, reckoned from the preceding noon. 


Rure. To the given time add the Sun's right aſcenſion for that time; 
the ſum (rejecting 24 hours, if above) is the right aſcenſion of the mid- 
heaven ; which being ſought among thoſe of the ſtars will ſhew what 
ſtar will be on, or near the meridian at the time propoſed, 


Exam. I. I Bat flar will be on the| Ex. II. On the 10th May, 1784, 
meridian of London about 10 o'clock at what ſtar will be on the merid. of Lond. 


night on the 25th January, 1784? | about 30 min. after 4 in the morning * 


Given time 10 hours P. M. 10h om Given time 165 30“ 
Sun's right aſcenſion at noon 20 31 | vun's right aſcenfion at noon 3 12 
And for 10 hours more 2 And for 16 hours more 5 


— ——— 


Sum (abating 24 hours) 6 23 | Rightaſcenſion mid-heaven 19 46 
anſwers to Syrius. | Anſwers nearly to Altair. 


5 l 5 04 SE C- 


Poe 


Book V. ASTRONOMY. 22x 


SEC LEW IT 
Of the Projection of the Sphere. 


135. PROBLEM I. 


To project the ſphere upon the plane of the ſolſtitial colure, or upon the plane 
ef the meridian of any place, thoſe planes being ſuppoſed to coincide. 


For this projection, the eye is ſuppoſed to be in the firſt point of Aries, 
o? the common interſection of the equator, ecliptic, and equinoctial co- 
jute; that being the pole of the plane of projection, or primitive circle. 
PL IV. Fig. 4. | 

iſt. With the chord of 60 degrees deſcribe a circle pe8qQ to repreſent 
the ſoiſtitial colure, the center of which & is its pole. (LV. 62) 

2d. A diameter EQ will be the equator, and another ps at right angles 
to it will ſhew the equinoctial colure (IV. 60), or the axis of the world, 
the extremities of which p, s, will be the north and ſouth poles. 

3d. For the parallels of declination. On the primitive circle, beginning 
at E and Q apply the chords of the given degrees of declination, ſup- 
vole every 10 degrees, and alſo the diſtances of the tropics and polar circles 
irom the equator, namely, 234% and 664%. Then from the center M in 
the axis Ps produced, apply the reſpeCtive ſecants of the complements of 
the degrees laid on the primitive (IV. 58), and theſe will give the cen- 
ters of the correſponding parallels of declination; from which centers, 
with the extents to the fev-ral diviſions in the circumference, deſcribe 
the ſmall circles 10, 10; 20, 20; &c. and theſe will be the parallels of 
declination required: Among which @ , 6 yp, are the tropics of Can» 
cer and Capricorn; and ce, dd, the arctic and antarctic polar circles, 

4th. For the circles of right aſcenſion, or hour circles. In the diameter 
ro produced lay off from the center Y both ways the tangents of 15, 
30, 459, 609, 759, reſpectively, and they will give the centers of 
circles to be deſcribed through » and s, and cutting the equator in the 
points repreſenting the 24 hours; the ſolſtitial colure being the 12 o'clock, 
and the equinoCtial colure, Ps, the fix o'clock hour circles. And in like 
manner may any other of this kind of circles be drawn. (IV. 75) 

5th. The ecliptic 95 Vp is drawn, making with the equator an angle 
of 234% the poles of which c, 4, are the interſeCtions of the polar circles 
with the ſolſtitial colure. 

bth. Parallels of cele/ijal latitude are drawn parallel to the ecliptic, in the 
fame manner as the circles of declination are drawn parallel to the equator, 

7th. Circles of celeſtial l;ngitude are deſcribed through c, d, the poles of 
the ecliptic, in the fame manner as the circles of right aſcenſion were 
deſcribed through p, s, the poles of the equator; and thus were the di- 
viſions of the ecliptic found that are marked with the ſigns. 

8th. The horizon is repreſented by drawing a diameter HR making an 
angle with the axis Ps, equal to the latitude of the place; and the poles of 
the horizon 2, N, the zenith and nadir, are at o diit. from the circle AR. 

gth. Azimuth, or vertical circles, making any angle with the meridian, 
are deſcribed like circles of right aſcenſton: Thus z is the prime ver- 
tical, and ZAN is another azimuth, 45* from the fouth, 

10th. Almi- 
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roth. Almicanthers, or parallels of altitude, are in this projection drawn 
parallel to the horizon, in like manner as the circles of declination were 
drawn parallel to the equator, 


136. PROBLEM I. 
To projet the ſphere upon the plane of the horixon. 


In this projection, the eye is ſuppoſed in the nadir, one of the poles 
of the horizon, or plane of projection. Plate IV. Fig. 5. 
1ſt. The horizon is repreſented by the primitive circle, where the upper 
XII is the noi th, the lower x11 the ſouth, E the weſt and q the eaſt points. 
2d. The azimuth circles are repreſented by diameters drawn through 2, 
the center or pole of the horizon: Thus the diameter x11, X11 is for 
the meridian, and EZ for the prime vertical; and other azimuth circles, 
forming any angle with the meridian, are readily drawn by laying off 
their diſtances in the primitive from the north or ſouth points. 
3d. Parallels of altitude are concentric to the primitive, and are de- 
ſcribed about the pole z with the half tangent of their diſtance from it: 
Thus the ſmall circle, the diameter of which is ab, is a parallel of alti- 
tude 10 above the horizon, or at 809 diſtant from its pole z. | 
4th. The diſtance of the eguinoctial from the zenith is equal to the latitude 
of the place, and therefore this circle makes with the horizon an angle, 
which is meaſured by the complement of the latitude; then ſetting off 
from the center z in 2 x11 continued, the tangent of 507 (the latitude 
in this example being 40®), it will give the center of the circle Eaq, 
repreſenting the equinoctial; and the half tangent of 50®, ſet the ſame 
way from z, will give r, the pole of the world. | 
5th. The fix o'clock hour circle paſſes through the poles of the world, 
making with the horizon an angle equal to the meaſure of the latitude 
therefore taking in the meridzan, from z towards a, the tangent of the 
latitude 409, it gives G, the center of the ſix o'clock hour circle EY. 
6th. The hour circles paſs through the poles of the world, and make 
with one another angles of 15 degrees: Therefore (IV. 55) in a line DE, 
drawn through o, at right angles to the meridian, ſet off on both ſides 
of G the tangents 15%, 30, 45“, 609, 759, to the radius PG, and they 
will give the centers of the ſeveral hour circles paſſing through P, cut- 
ting the horizon and equinoctial in the hour points. 
7th. The polar circles, tropics, and other circles of declination, are de- 
ſcribed parallel to the equinoctial, about its pole 2, at given diſtances 
from it, either by finding the centers of ſuch parallels, as ſhewn in B. IV. 
66; or by ſetting off on each ſide of z the half tangents of their greatelt 
and leaſt diſtances from z; then the middles of thoſe intervals are the 
centers ſought. Thus; the arctic circle is diſtant from P 234% then to, 
and from zr =50?, add and take 23}; there remain 734 and 26F* ; tac 
half tangents of theſe ſet off from z give pand g; then a circle delcribed 
on the diameter pg is the aictic circle. 
In like manner will tht centers of the tropic of Cancer c Sc, and of 
Capricorn d d, be obtained. | 
| 8th. The northern portion of the ecliptic Vs is deſcribed from 2 
center diſtant from 2 towards P, tie tangeut of 724% = 2. the ecliptic 
makes with the horizon. | 
gth, Cire 
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gth, Circles of longitude pa, p, pn, ph, pm, are deſcribed thro? 
+, the pole of the ecliptic, from centers in the line BFc ; in like manner 
as the hour circles were deſcribed through Þ, the pole of the equator. 

1oth. Circles of celgſtial latitude, viii q 1x, are deſcribed about p, as the 
circles of declination were deſcribed about p, the pole of the equinoctial. 


137. PROBLEM II. 
To project the ſphere upon the plane of the equator, 


In this projection the eye is ſuppoſed to be in one of the poles of the 
equator, ſuppoſe in the ſouth pole, and projecting the north hemi- 
ſphere. Plate IV. Fig. 6. 

1/t. The equator is repreſented by the primitive circle, the center and 
pole of which 1s p. | | 

2d. The hour circles are expreſſed by diameters making angles of 159 
with one another; of which x11 XII is the meridian, or ſolſtitial coluce, 
and v1 Þ vI the 6 o'clock circle, or equinoCtial cglure. 

3d. Circles of declination are circles parallel and concentric to the 
equator, deſcribed from its center with radii equal to the half tangents 
of their ſeveral diſtances from the pole p, or half co-tangents of their 
degrees of declination: Thus pg the arctic circle, and @ & the tropic of 
Cancer, are deſcribed with the half tangents of 2349 and 664“ reſpec- 
tively ; and ſo of the others. | 

4th. The ecliptic making an angle of 2340 with the equator ; the tan- 
gent of theſe degrees laid from p towards à will give the center for de- 
icribing the ecliptic Y, the pole of which p is in the polar circle. 

5th. Circles of longitude are deſcribed through p, the pole of the ecliptic, 
in like manner as the hour circles were deſcribed through p, the pole 


cf the equator in the laſt problem; and thus were the diviſions 8, u, 


1, nz, obtained. 

6th. Circles of celeſiial latitude are projected in the ſame manner as the 
circles of declination in the laſt problem. 

7th. The horizon of any place, ſuppoſe of London, being inclined to the 
equator in an angle equal to the co-latitude, 389 28/; the tangent of 
this laid from p towards 28, and the half tangent laid from P to z, will 
give the center, and Z the pole, of the horizon Hon. 

8h. The prime vertical KZR making an angle with the equator equal 
to 51 32), the latitude of the place, its center is found by laying the 
tangent of 51® 327 from v towards o. 

gth. Azimuth circles, making given angles with the meridian zo, are 
thus deſcribed: In a line drawn through the center of the prime ver- 
cal, at right angles to the meridian, take diſtances from that center, 
equal to the tangents of the propoſed azimuth angles, the ſemidlameter 
of the prime vertical being the radius, thoſe diſtances give the centers 
ſought; and thus was the azimuth circle za deſcribed. 

1oth. Parallels of altitude are defcribed about 2, the pole of the ho- 
1:20n, at the diſtances of the co-altitudes, in the fame manner as the 
circles of declination were deſcribed about p, the pole of the equator in 
the laſt problem; and thus was the ſmall circle v 6 VII deſcribed at 100 


diſtance from the horizon, or 80? diſtant from its pole 2. 
138. P R O 
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138. PROBLEM IV. 
To project the ſphere upon the plane of the ecliptic. 


4 
J 4 
* = 


The eye is here ſuppoſed to be in one of the poles of the cliptic, an& 
thence viewing the northern hemiſphere. Plate IV. Fig. 7. 
1ſt. The ecliptic is here repreſented by the primitive circle, the center 1 
of which p is its pole. AY 
2d. Circles of longitude are here repreſented by diameters ; thoſe that 
make angles of 30“ with one another, being drawn through the diviſions 
marked with the ſigns of the zodiac. 1 
3d. Parallels of celeſtial latitude are circles deſcribed about p, cone, 
tric to the ecliptic; ſuch is the ſmall circle the diameter of which is 
repreſenting the parallel of 109 of latitude. | 
4th. The equator making an angle with the ecliptic of 2334“; therefors 
the tangent of this inclination laid. from p towards 23 will give the ce 
ter of the equator Y X11 ; and the half tangent of 234“ laid from 
the ſame way, gives P for the pole of the equator. | 
5th. The eguinoctial colure, which here makes the ſix o'clock circle, mas 
an angle with the ecliptic of 664; therefore the tangent of 6639 lan 
from p towards , gives the center of the 6 o'clock circle N a, ® 
6th. Hour circles paſſing through p, and making angles of 15 with 
one another, are deſcribed from centers, found in a right line paſing 
through the center of , and drawn at right angles to the ſolſtiti 
colure YpVF; by laying off in that line the tangents of 159, 30% 48% 
609, 75®, reckoned from the center of M, on both ſides, the ſemi 3 
diameter of this circle being the radius. Theſe hour circles cut the 
equator in the hour points. EY 
7th. Parallels of declination, ſuch as the tropic of Cancer, and the are? 
circle, the diameter of which are 12, 12, and pg, are deſcribed by laying 
off from p the half tangents of their greateſt and leaſt diſtances: Thu 
being diſtant from p 47%, makes pg—F tangent of 47, the middle a 
pg will be the center of the polar circle. & 
8th. The horizon Hok is to make an angle with the ecliptic equal qq 
the difference between the co-latitude and the obliquity of the ecliptis, 
when Þ is projected to the north of p; otherwiſe that angle is equal 
the ſum of thoſe quantities. And for London, where the ſaid difference 
=(389 28'—239 28'=) 1 87 oo, the tangent of 159 oo, gives they 
center of HoR, and the half tangent gives z the zenith. _ 
th. The prime vertical ZR is deſcribed by laying from p, towards 9 
the co-tangent of pz ſor a center. — 4 
roth. Azimuth circles are deſcribed through 2, making given angie 
with the meridian Zo, by finding their centers in a line drawn throu 
the center of HZ R, in the manner deſcribed for the hour circles, Prob N. 
11th. Parallels of altitude are repreſented by deſeribing ſmall eite 
parallel to the horizon HoR, at given diſtances from it; or, whi 
comes to the ſame, 1 ſmall circles about the pole z, at diſtances 
equal to the complements of the given altitudes: And thus the cirds 
cde was deſcribed for a parallel of 339 of altitude. | 
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* 
Serre 
Problems of the Sphere. 
PROBLEM V. PL v. 


120. 8 } 
Vixen the Sun's longitude, and the obliquity of the ecliptic 
Required the Sun's 1ight aſcenſion and declination. 
ExAM. Let the obliguity of the ecliptic, or the Sun's greateſt declination, be 
23? 287 and the Sun's place be 13% 1&' in Taurus: Required the 7 gf. 


| ConsTRUCTION,. | 

In the primitive circle pesqQ, repreſenting the ſolſtitial colure, the cen- 
ter of which is Y, draw a diameter EQ for the equator, and at right 
angles to EQ draw a diameter ys for the equinoQial colure: Make E 9B 
= 23 28”, and draw a diameter 23 for the ecliptic, in which (IV. 
71.) take Y © = 43? 16' for the Sun's diſtance from the point Y: 
Through y Os defcribe a circle of right aſcenſion, 

CompuTaTIoN. See Book IV. art. 130, 131. 
In the right angled ſpheric triangle OB. 
Given Sun's longitude VO = 43? 16 * right aſcen. YB. 


Obliquity of the Eelip Z. OB = 23 2 declin. BQ. 
To find the declination, To find the right aſcenſion. 
As Radius = 10,00c00 | As Radius 2 1 10,00000 


To ſ. Sun's lon. = 43* 167 9,83594| To t. Sun's lon, = 43167 9 97371 
80 ſ. ob. eclip. = 23 28 9.60012 So col. obl, ecl. = 23 28 9,9625 


To ſ. Sun's decl. = 15 50 9, 43606 To t. rt. aſcen. = 40 48 9, 93022 


140. While the Sun is moving from to S, or is in the ſiiſt quadrant 
of the ecliptic, the given longitude is the hypothenuſe in the triangle 
OB, the declination BO is north, and Y B is the right aſcenſion, 

When the Sun has paſt the. ſolſtice 25, and is deſcending towards , 
he is then ſaid to be in the ſecond quadrant, and his longitude or diſ- 
tance from Y* being taken from 180?, the remainder & © becomes the 
hypothenuſe, and the declination is ſtill north; but the arc B == found 
tor the right aſcenſion is only the ſupplement, and muſt therefore be 
taken from 1809. 

The Sun having paſt the point , and deſcending towards has got 
into the third quadrant ; the longitude then, reckoned from Y, will be 
greater than 180“: In this caſe the exceſs above 1800, or the diltance 
the Sun is removed from A, will be the hypothenuſe ; the declina- 
tion will be ſouth ; and the arc & a, found for the right aſcenſion, muſt 
be added to 1809, to give the right aſcenſion eſtimated. from V. 

When the Sun has paſt the ſolſtice , and is aſcending towards M, he 
isthen in the fourth quadrant; therefore the longitude is greater than 
2700, and mult be taken from 3609, to give the hypothenuſe «> ©. Here 
the declination is ſouth, and the right aſcenſion , found by the pro- 
portion, muſt be taken ſrom 3609, to give the right aſcenſion from V. 

At equal diſtances from the equinoctial points Y or &, the Sun will 


have equal quantities of declination ;3 but will be of different names, 


according as it is on the north or ſouth ſides of the equinoRial, 
141. PR Os 
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741. PROBLEM VI. Pl. v. 


Given the obliquity of the ecliptic, and the Sun's declination; 
Required the Sun's longitude and right aſcenſion. 

Ex AM. Tbe obliquity of the ecliptic, being 23* 28', what is the Sun's lon- 
gitude and right aſcenſion when he has 20* 47 of north declination ? 


| CONSTRUCTION. 

Having deſcribed the ſolſtitial colure, and drawn the equator xd, the 
axis Ps, and the ecliptic £3 , as before; make En, Qn, equal to the 
given declination, and (3d 133) deſcribe the parallel of declination mn, 
its interſection with the ecliptic gives © the Sun's place; through r, ©, 
s, deſcribe the circle of right aſcenſion Os. x 


COMPUTATION. 
In the right angled ſpheric triangle M OB. 
Given the ob. eclip. E © Y = 23 28/9 Required Sun's Jon. Y ©. 
the Sun's dec], O B==20 43 g rt. aſcen. Y B. 
To find the Sun's longitude. To find the Sun's right aſcenſion. 


As obltq. eclip.=239 28” o, 39988 
To ſin. Sun's decl. =20 43 9,54869 
So radius => N=" 
To fin. © longit.=62 40 9.94857 


Therefore the Sun is in n 2 40 


As Radius 2 R 10,00000 
To cot. ob. eclip. 238“ 10, 36239 
So tan, Sun's dec. 20 43 9,7772 
To fin, rt. aſcen. 60 36 9, 94011 


„or in 25 27 207, according as the 


time of the year is before or after the ſummer ſolſtice. 


142. PR OB L 


E M VII. Pl. V. 


Given the obliquity of the ecliptic, and the Sun's right aſcenſion; 
Required the Sun's longitude and declination. 


Ex am. IVhen the Sun's right aſcenſion is GO 317, what is the longitude 


and preſent declination, the oblig. of the eclip. being 23* 28' ? 


Cons TRUCTION, 


The ſolſtitial colure, equator, axis, and ecliptic being deſcribed, as 


before, make p B=given right aſcenſion (4th 133), and deſcribe the 
circle PBs, cutting the ecliptic in © the Sun's place. | 


CoMPUTATION. 


In the right-angled ſpheric triangle Y © B; the leg Y and Z. © VB 
being known, the hypoth. 4 ©, and other leg © 3, are found as in 


art. 137, 138. Book IV. 


As Rad.: col. ob. _ : cot. rt. aſ. As Rad.: tan. ob, eclip. : 


| cot. © long. 
As Rad.: coſ. 239 287: 


[: cot. 629 357 


: fin. rt. af, 
; tan, decl, 


: cot. 60 317 As Rad.: tan. 23* 28' :: fin, 60* 31” 


[: tan. 200 42 


Three other problems may be formed out of the four things con- 
| teerned, or obliquity of the ecliptic, declination, * and right 


*aſcenſion : But theſe being of little more importance t 
for right-angled ſpheric triangles, they are therefore omitted, 


an as an exerciſe 
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143. PROBLEM VIII. Pl. V. 
Given the latitude of the place, and the Sun's declination ; 
Required the Sun's altitude and azimuth at 6 o'clock. 
ExAM. At London, in lat. 5 1 32 N., on the longeſt day, when the Sun's 


declination is 230 28': Required the Sun's altitude and azimuth at 6 o'clock 
in the morning or evening. 


ConSTRUCTION. 


Deſcribe the meridian, draw the horizon ux, and prime vertical zx; 
make RP=latitude 51 32' N.; draw the 6 o'clock hour circle ps, 
the equator EQ, the 23 28 N. parallel of declination m, cutting the 6 
o'clock hour circle Ps in O; and through z, O, , deſcribe the azimuth 
circle 2 © N, cutting the horizon in A; then the things given and re- 
quired fall in either of the triangles Z © Por Y OA, they being ſupple- 
mental triangles one to the other. | 


CoMPUTATION. 


In the ſpheric triangle 2 © Þ, right angled at p. 
Given the co latit. zP = 38* 287 Required the co-altitude 2 ©. 
the co decl. Oy =b6 32 0 the azimuth O2. 
Or in the ſpheric triangle v A ©, right angled at A. 
Given the latit. a Y © =519® 32/9 Required the altitude a ©. 


the decl. M © =23 28 the co-azimuth ꝙ A. 
To find the altitude A©. To find the azimuth AR. 
As Radius = R 10,00000 As Radius =R 10,00000 


To fin, decl. = 239 28' g,60012| To coſ. lat. = 51 32“ 9.79383 
$o ſin. lat. = 51 32 9589375] So tan. decl. = 23 28 69,6370 


To fin. alt. == 18 10 9,49387] To cot. azim. = 74 53 . 9,43144 


——ůůů ů ů — — — — — — 


For the arc AR meaſures the RZA, the azimuth, (Iv. 9) 


144. On the ſhorteſt day at London, the parallel of S. declination cuts 
the 6 o'clock hour circle below the horizon; and as the triangles Ya ©, 
O, are congruous, the depreſſion below the horizon, on the ſhoxteſt 
day at 6 o'clock, will be equal to the altitude at the ſame hour on the 
N day; and the azimuth will alſo be equal, if eſtimated from the 
outh. 

So that on the 21ſt of June, at London, the Sun will bear N. 74 
57 E. at 6 o'clock in the morning, and N. 74 53 W. at 6 in the 
evening: but on the 21ſt of December, at the ſame hours, it will bear 
8. 74% 5 E., and S. 74% f W. 

From a due conſideration of this Problem jt is evident, that as the 
declination increaſes, the altitude increaſes and the azimuth leſſens; 
and the contrary happens while the declination is diminiſhing : So that 
on the days of the equinoxes, on which the Sun has no declination, the 
altitude at 6 o'clock will be nothing, or the Sun will be inthe horizon ; 
and the azimuth being then go degrees, the Sun will be due eaſt in the 
morning, and weſt in the evening ; that is, on the days of the equinoxes 
the Sun riſes and ſets at fix, in the eaſt and weſt points of the horizon« 
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145 PROBLEM IX. PI, v. 


Given the latitude of the place, and the Sun's declination 5$ 
Required the altitude and hour when the Sun i is due eaſt or weſt. 


Exam. At Londen, in latitude 519 32 N., what is the Sun's altitude, and 
the hour when he is due eaft or weſt, on the longeft day, or when the declina- 
tion is 23% 28“ N. 


ConsSTRUCTION. 


Deſcribe the primitive circle to repreſent the meridian of London, 
draw the horizon HR, and the prime vertical Zx ; make RP=51® 32% 
the given latitude, draw the 6 o'clock hour circle vo, the equator E 
the parallel of declination zm (3d 135), cutting the prime vertical in ©, 
and through POs deſcribe (II. 72) the hour circle POS, cutting the 

equator in A. 
Here the things concerned in the Problem fall in either of the triangles 
220 or YAO. 
CoMPUTATION. 
In the ſpheric triangle PZ O, right angled at 2. 
Given the co-latit. Pz==38? 28” Required the co- altitude 20 
the co-decl. r OS 32 5 the hour fr. noon £2y 9, 
Or in the ſpherical triangle FA ©, right angled at Aa. 
Given the latit. CAT ©@ =51® 32% Required the altitude VO. 
the decl. 40223 28 the hour after 6 a. 
To find the altitude O. | To find the hour aſter 6. | 
Asflat./aYO=519 32“ o, 10625 As Radius =K lo, co 
To ſin, decl. 40 =23 28 9, 60012 To cot. lat. A O=519 32” 9,90029 
So Radius SR 10, coooo So tan, decl. 40 3 28 9.63761 


To fin. alt. TOS; 34 9,0037 To. ſ. h. fr. bav=20 1: 9.53770. 


Which 202 11' converted into time (132), gives 1h. 20m. 44ſ. for 
the time alter 6 in the morning, and before 6 in the exening, when the 
Sun will appear due eaſt or weſt; which will be at 7h. 20 m. 44ſ. in 
the morning, and 4h. 39 m, 161. in the afternoon. 

Or, the compl. of 209 11”, viz. bg® 49 put into time, which gives 
4h. 29m. 1i6f., ſhews the time before and after noon, when the Sun 
will be-due ealt or weſt. 


146. This Problem worked ſor the ſhorteſt day, namely i in the AVaO, 
which is congruous to TAO, would give the Sun's depreſſion at the 
time when he was eaſt or weſt, which would be before 6 in the morn- 
ing, and after 6 in the evening, by as much as was ſound above, vix. 
1 h. 20 m. 441. 

By this Problem it appears, that when the latitude of the place, and 
the Sun's declination, have the ſame name, then, the greater the declina- 
tion and latitude, the greater the altitude and time from 6: and having 
' contrary names, the ſams things happen ; but with this difference, that 
in the former caſe the days lengthen on account of the increaſe of the 
atitude and declination ; whereas in the latter cale the bam. ng on 


that account. 
2 | 147. P R 0. 
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147. PROBLEM x. PI. v. 


Given the latitude of a place, and the Sun's declination; 
Required his amplitude and aſcenſional difference. 


Exam. At London, lat. 51% 32 N. on the 21ft of June, being the 


lungeſt day, when the Sun's declination is 23* 287 N. How far from the 
nor th does the Sun riſe and ſet, at what time, and what is the lergth of the 
diy and night © 


ConSTRUCTION, 


Let the primitive circle repreſent the meridian of the place, and the 
diameter HR the horizon; from R, the north point, take Ry 51* 32/ 
for the latitude, draw the axis, or 6 o'clock hour circle ps, and at right 
angles to it draw the equator EQ; make Ez; qm=23* 28/, the declina- 
tion, and (3d 135) deſcribe the parallel of declination , cutting the 
horizon in O, the place of the Sun at its riſing and ſetting ; through 
which deſcribe (II. 72) the hour circle Os. 


CoMPUTATION. 


Now as the are n =co-latitude, meaſures the CN. 
In the ſpheric rriangle ꝙ O A, right angled at a. 5 
Given Sun's decl. 40 =23* 28 } Required the amplitude v O 
co-latit. AO =38 28 the aſcen. diff. M A. 


To find the amplitude Y ©. 


As fin.a O, co-l. =38®28' o, 20617 This 29®) 48 is the amplitude rec- 
To fin. decl. a © =23 28 9,60012, koned from the caſt or weſt points of 
So Radius = 28,0900 the horizon: But its complement 


north the Sun riſes or ſets on the 


To fin. amp. Y ©=3948 9,80629 
| longeſt day at London. , 


To find the aſcenſional difference © 4 


As Radius =R 10,00000 | Which 339 07 converted into time 


Vot.lat, CH NOS Ii 327 10,09991 (132) gives 2 h. 12 m. 28 f. for the 
$9 tan. decl. A © =23 28 9, 63761 time which the Sun riſes before, and -- 
——?|\ſets after, the hour of fix on the 


To ſ. af. diff. =33 07 9.73752 [longeſt day. 


Suppoſe rs to be a parallel of declination as far ſouth, as mn is north; 
then the hour circle PBs, paſſing through © the place of the ſun at its 
ring or ſetting, will form a triangle Y © B=AWO A, where the 
amplitude is to the ſouthward of the eaſt and welt points, 


148. Hence it is evident, that when the latitude and declination have the 
ſame name, the Sun riſes before, and ſets after 6: But when they are of con= 
'rary names, the Sun riſes after, and ſets before 6. 

© 3 149. And 
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149. And as the Sun deſcribes the parallel of declination u m in 24 
hours, being at » when it is noon, and at m when it is midnight; there- 
fore the time in paſſing from m to O, or the time of riſing, being dou- 
bled, gives the length of the night; and the time of ſetting being 
doubled, muſt give the length of the day. 


Then to, and from 
Add and ſubtract the aſcen. differ. 


Sum, gives © ſetting 
Diff. gives O rifing | 
Length of Day is 
Length of night is 


But when it is the ſhorteſt day at London, which is, when the Sun 
has 230 28” ſouth declination; then the lengths of the day and night 


change places; the day being 7 h. 35 m. o4 1. long, and the night 16 h. 
24 m. 561. | 


150. When the latitude and declination have the ſame name, the 
diſſcrence between the right aſcenſion and the aſcenſional difference, is 
the oblique aſcenſion; and their ſum is the oblique deſcenſion. 


But when they are of contrary names, their ſum is the oblique aſcen- 
ſion, and their difference is the oblique deſcenſion. 


151. When the declination is equal to the co-latitude of any place 
(which can only happen to places within the polar circles), then the 
parallel of declination will not cut the horizon, and conſequently the 
Sun will not ſet in thoſe places during the time his declination exceeds 
the co-latitude: And the ſame may be ſaid of all theſe ſtars, the polar 
diſtance of which, is leſs than the latitude of the place; or, which is 
the ſame thing, that have declinations leſs than the co-latitude, for 
thoſe ſtars will never deſcend below the horizon of that place. But 
this is to be underſtood only when the Sun or ſtars are in the ſame he- 
miſphere with the given place; for when the Sun or ſtars are in a con- 
trary hemiſphere to any place, the co-latitude of which does not exceed 
the declination of thoſe celeſtial objects, then they will never rife above 
the horizon of that place, and conſequently are never viſible there. 
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152. PROBLEM XL Pl. v. 


Given the latitude of a place, the Sun's declination and altitude; 
Required the hour from noon, and the Sun's azimuth. 


EXAM. 1n the latitude of 519 32' N. the Sun's altitude was obſerved to be 
46® 20', when his declination was 23? 28' N. What was the Sun's azimuth, 
and the hour when the obſervation was made 


Cons TRUCTION, 


Let the primitive circle z&NH repreſent the meridian of London, HR 
the horizon, zn the prime vertical; make RP=519 32” the height of 
the pole at London; draw the axis Ps, and the equator EQ; lay off the 
declination En, Qm, 23* 28/ N. the altitude Hr, Rs, 40% 20/; and 


(IV. 68) deſcribe the parallel of declination » m, and the parallel of 


altitude rs, cutting one another in O, the place of the Sun at that time; 
through 2, O, N, deſcribe an azimuth circle z© x, and through p, ©, s, 
deſcribe an hour circle Os: Then the angles © ze, © Pz, being mea- 
ſured (IV. 72), will give the azimuth 22 from hoon required. 


Cour ur ATTI OR. 


In the oblique angled ſpheric triangle Þ © z. 
Given the co-latitude, ZzP=382 287 Requiredtheazim./ © zP 
the co-alt, or zen. diſt. 2 0 43 40 5 the h. fr. noon g Op. 
the co- dec. or pol. diſt. OH 66 32 J See art. 167. Book IV. 


To find the azimuth 4. Or. 


Here 2043 40” Then Co- ar. fin, co-lat. 389 28“ o, 2061 
2 1 2 38 28 Co-ar. fin, co-alt. 243 40 0, 16086 
— Sin. 3 ſum co-decl. &D=35 52 9.76782 

z2O—2e= 5 122 Sin. diff. co-decl, & O2 30 40 9,0761 
= 66 94, et 

= 8 The ſum of the four logs. 19. 84246 

pa 0 / — — 

2) 7n 4435 32 The; ſum gives 562 313 9.92123 


6 
e. Ae Which doubled, gives 1130 03 for the azimath 
ſought, reckoning from the north. 


To find the hour from noon, C. O PZ. 


Here pO=66® 327 Then Co-ar, fin. co-decl. 669 327 0,03749 
pz =38 28 Co-ar. fin, co-lat. ==38 28 , 20017 
— Sin. ? ſum co- alt. & v =35 52 970782 
rO—Pz=28 42 b Sin. + diff. co-alt. & b 7 48 9.13263 
OZ = 43 40 5 
—— The ſum of the four logs. 19,14411 

71 44135* 52 f E 

2)——— The + ſum gives 21955 9,57206 

15 36] 7 48 ay | 


— This doubled, gives 439 5o' for the meaſure of 
the hour from noon, which is 2 h. 55 m. 201. : 

Hence it appears, that the obſervation was made either at ꝙ h. 4m. 
40 f. in the morning, or at 2h. 55 m. 20f. in the afternoon. 

The azimuth being firſt found, the hour from noon might have been 


found by the proportion between oppoſite ſides and angles. 
Q 4 Had 
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Had the declination and latitude been of contrary names, the ſame 
kind of operation would have been uſed to find the things required, only 
the fide © would have been obtuſe; by adding the declinat. togo®?, inſtead 
of ſubtracting it, as in the caſe of the lat. and decl baving like names. 


153. PROBLEM XII. Pl. V, 


Given the latitude of the place, and the Sun's declination; 
Required the time when the twilight begins and ends. 


Ex AM. At what time does the twilight begin and end at London, when' the 
Sun's declination is 159 12! N. the latitude of the place being 519 32! N. 


ConSTRUCTION. 

Let the circle ZRNH repreſent the meridian of the place, HR the ho- 
rizon, ZN the prime vertical, and ts the Crepuſculum, or ſmall circle 
parallel to the horizon deſcribed at 18 degrees below it (IV. 68); lay off 
the latitude rr, draw the axis Ps, the equator EQ, and deſcribe the pa- 
rallel of declination m, and where * m cuts ts in ©, is the Sun's place 
at the time of the beginning or end of the twilight; through © deſcribe. 
(I. 72) the vertical circle z © N, and the hour circle P © s; then the 
Ez O being mezſured (IV. 72), will give the time before or after noon 
as required, | 

ComMPUTATION. 
In the oblique angled ſpheric triangle z© P. | 

Given the co-lat. zp= 389287) Req. the hour from noon= 4.2P © 

the polar diſt. PO= 74 48 The manner of ſolution is the 
the zenith diſt. 2 G = 108 oo ] ſame as in laſt Problem. 


Here yO= 74487 Then Co- ar. fin. polar diſt. 274480 0,01547 
7722 38 28 | Co-2r. fin, co-latit. =48. 28 0,20617 

— S ine? ſum. of zen. d. & gœ 72 10 9,9780 

PO—Pz= 36 202 Sine; diff. of zen. d.&0=35 50 9,7606747 


O2 S 108 co 


The ſum of theſe four logs. 19.967772 
144 = jo] af — — 


2) | The half ſum gives 74 283 9,98326 
71 4035 500 ; — 
— Which doubled, gives 1489 55” for 4220. 


And 148? 57” reduced to time gives 9 h. 55 m. 48 1. either before or 
aſter noon; that is, the twilight begins at 2 h. 04m. 1f in the morn- 
ing, and ends at 9 h. 55 m. 481. in the evening on the given day, at 
London. , 


: 154. When the declination becomes greater than the difference be- 
tween the co-latitude and 18 degrees, then the parallel of declination » 
will not cut the parallel 7s 18 degrees below the horizon, and conſe- 
quently at that time there will be no night at that place, but the twi- 
light will continue from Sun-ſetting to Sun-riſing; and on this account 
it is, that from the 22d ofgMay to the 21ſt of July nearly, there is no 
total darkneſs at London, the Sun's declination during that interval being 
greater than 20287, which is the difference between 189 and 38% 2d, 
the complement of the latitude, 

155. PR O- 
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155. PROBLEM XIII. _ 


Given the time of the year, the latitude of a place, and the altitude 
of a known fixed ſtar; 
Required the hour of the night when the obſervation was made. 


ExaM. Some time in the night, on the 1/0 of September 1780, ſuppoſe 
the flar Ardturus, the declination of which it 20 30 N. ſhould be obſerved at 
London to be 27” 12! above the horizon : At what hour would the obſervation 
be made? | 

ConsTRUCTION.. 


Deſcribe the meridian of the place, draw the horizon R, the zenith 
and nadir of which are z and , and deſcribe the parallel of altitude rs 
at 27% 12/ above the horizon; take Þ.the north pole 519 327 above the 
horizon for the latitude of the place, and s the ſouth pole as much below 
the horizon; draw the equator EQ, and deſcribe (3d 135) the ſtar's 
parallel of declination am; and where this parallel » mz cuts the former 
75 in #, is the poſition of the ſtar at the time of obſervation ; deſcribe 
(IT. 72) the vertical circle z#N, and hour circle Ps, and the angle 
22 & being meaſured (IV. 72), gives the hour from, or to, the time of 
the ſtar's culminating. | | | 

ComMmPUTATION. 


In the oblique angle ſpheric triangle & z. 


Given the co-latitude pz = 3828˙ i 
the co-· altitude 2 K 2 62 48 PA. ds or the hour 


the polar diſt. * Þ=69 30 


Herep & =699 30 Then Co- ar. ſin, co- lat. 238280, 20617 
12238 28 Co. ar, fin. pol. diſt. 69 30 0.02841 
ECT; Sin. 1 ſum zen. diſt, & D 46 55 9.86354 
* —PZ=31 2=D Sin. 2 diff. zen, diſt. &D=15 53 9,43724 
Pk 2 48 
a e The ſum of the four logs. 19.535 36 
93 $0[46%5 5 r 
2) —— The ; ſum gives 359 51/ 9,76768 
z1 46 53] . ME Went: 
— —— — | Which doubled, gives 71 42'=2 ze . 


This 71 42 turned into time (132) gives 4h. 46 m. 48 f. for the 
time which muſt elapſe before the ſtar comes to the meridian. 


Now, at the time of obſervation, September 1ſt, 1780. (133) 
be right aſcenſion of Arcturus was 14h 5/ 42 
The right aſcenſion of the ſun at noon * 10 44 34 
Time of culimpating nearly _ 3 21 08 
And 24) is to 3“ 37 as 3h 214 is to 30 


The ſtar ſouths, or culminates at | 3 20 38 
The time that the ſtar has paſſed the meridian 4 46 48 


The ſum is the hour of the night 8 o/ 26 P. M. 


—ũ— — 


* Afronomical tables at the end of Book \ 
| And 
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And whether to ſubtract or add will always be known by the ftar's 


being in the eaſtern part of the horizon, or aſcending ; or by being in 


the weſtern part of the horizon, or deſcending. 
156 PROBLEM XIV. Pl. V. 


Given the obliquity of the ecliptic, and a ſtar's right aſcenſion and 
declination ; 


Required its latitude and longitude. 

Exam. What is the latitude and longitude of a flar, its right aſcenſion 
being 16h, 14 m., its declination 25* 51'N., and the cbliguity of the ecliptic, 
23* 28%: 

ConSTRUCTION, | 

Let the primitive circle repreſent the ſolſtitial coloure, in which draw 


the equator EQ. mark its poles p, s, and deſcribe (3d 135) the parallel 
of the ſtar's declination . | 


The right aſcenſion 16h. 14m.=243* 30“, which being 63 30/ 


above 180, falls in the third quadrant; therefore make (IV. 75) O 


63e 30”, deſcribe (4th 135) the circle of right aſcenſion, cutting the pa- 
rallel 1m in &, the point of the heavens repreſenting the ſtar. 

Make ESS =23* 287, the obliquity of the ecliptic, draw the ecliptic 
S Vys find its poles p, , and through p, &, % deſcribe a circle of longitude ; 
then the arc & meaſured (IV, 70) will give the co-latitude, and the 
Cp + will ſhew the longitude. 


. CoMPUTATION. 
In the oblique angled ſpheric triangle py *. 
Given the obliq. ecliptic pp= 23* 28'J Required the co-lat. p &. 
the co-declinationp*= 64 o and the longit. ZPþ*, 
the right aſcen.C⁵ K 243 30 See art. 1 50, 151. B. IV. 


To find the latitude. 


As Radius = | 10,00000 | As coſ. 4th arc=61® 347 | 0,32227 
To coſ. rt. aſc. 26 30 9595179 To col. 5th arc=38 06 9.89594 
So tan. co-decl. 64 cg 10, 31471 To fine decl. 225 51 9,639 50 


To tan. 4th arc=6: 34 10, 26650 To fine lat. 246 63 9.85771 
Obl. eclipt. =23 28 


— Here the ſtar's latitude is 469 06'IN. 
Fifth arc = 38 06 becauſe the declinat.is N., and greater 
than the obliquity of the ecliptic. 
To find the longitude. 


As fine 5th arc= 38% 06' 0320969 | Here the longitude 1449 36“ being 
To fine 4th arc= 61 34 9.9441) added to 90, gives 2349 30 for the 
So tan. rt, alc.= 26 30 9,69774 |ſtar's longitude, reckoning from the 
——— | firlt point of Aries. 

To tan. longit.=234 36. 9, 85 160 
For the right aſcenſion being in the third quadrant, the Rar is there alſo. 
Now in 234* 30“, are 7 figns 2% 36“; that is the ſtar's place, or lon- 
gitude is 24 30 in the 8tW ſign, or 24 36“ in m. 

By the preceſſion of the equinoxes, the fixed ſtars, although they 
always keep the ſame latitudes, yet are continually altering their 


longitude 4 
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longitude, right aſcenſion, and declination; the alteration in longitude 
is uniformly 50 ſeconds and 3-1oths yearly (22), but that of the right 
aſcenſion and declination is conſtantly varying: So that many ſtars, which 
once had north declination, come to have ſouth ; while others change 
from S. to N. declination. 


157 PROBLEM XV. Pl. v. 


Given the right aſcenſions and declinations of two fixed ſtars; 
Required their diſtance. 


Exam. What'is the diſtance between the fixed flars, Betelgueſe in the eaſt 
ſhoulder of Orion, and Aldebaran in Taurus; the former having 799 21' W. 
declinat, with 5 b. 43 m. 16s. right aſcenſion; and the other 169 o N. 
declinat, with 4b. 23 m. 203. of right aſcenſion. 

ConSTRUCTION, 

As Aldebaran precedes er in right aſcenſion, let the primitive 
circle repreſent the circle of ri 
deſcribe the circle of right aſcenſion Pas, making with yBs an angle 
of 199 59', (IV. 75) equal to the difference between the given right 
aſcenſions. t 

Deſcribe the parallels of declination Bm, , at the given diſtances 169 
03 N. and 79 21 N. (3d. 133); and the interſections a, of Aldebaran's 
declination, and B, of Betelgueſe's with their refpeRive circles of right 
aſcenſion, will be the poſitions of thoſe ſtars from one another : Then 


draw a great circle Bac, through Band 4, and the intercepted arc 34 


(meaſured by art. 70. Book LV.) ſhews the diftance of thoſe two ſtars, 


ComMPUTATION. (IV. 151) 
In the oblique angled ſpheric triangle pas. 
Given the co-decl. of Ald. =" 7 
the co-dec. of Betelgueſep a =82 39 {Require theirdiſt.aB, 
diff. of right aſcen. C APR =19 39 
Radius = » 10,00000| Coſ. 4th arc 829 11' 0,86645 
To coſ. diff. rt. af. 19% 59g” 9,97303 | To col, th are 8 14 9.99550 
As cot. Betelg. dec, 7 21 10, 88944 As fin, Betelg. dec. 7 21 9,0697 


To tang. 4th arc * 82 11 10,8624) | To col. diſl. 21 25 9.96892 


Aldeb. co-dec. 73 57 The ſame reſult would have come 


Remains 5th arc. 8 14 out, had the declination of Aldeba- 
ran been uſed in the proportions. 


— i 


158, PROBLEM, XVI. Pl. V' 
Given the latitudes and longitudes of two known fixed ſtars; 
Required their diſtance. 

Exam. Aliath, in the Great Bear, Lon. m 5% 49f Lat. 549 18 N. 
Ardturus, in Bootes, Len. A 21 10 Lat. 30 54 N. 


The conſtruction of this Problem is like that of the laſt; only inſtead 
of circles of right aſcenſion read circles of lengitude, and ute parallels 
of latitude inſtead of parallels of declination. * 

e 


t aſcenſion paſſing through Betelgueſe; 
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The computation is alſo like that of the laſt, there being given two 
co-latitudes and the included angle, which is the difference between the 
given longitudes: Thus Arcturus's long. is 65217 10”, and Aliath's is 
5* 52 40“; their difference is 1* 15% 21”, or 45® 21, 

Hence the diſtance will be found to be 399 45, 


159. PROBLEM XVII. 6 Pl. v. 


Given the latitude and longitude of a fixed ſtar, and alſo the obli- 
quity of the ecliptic ; | 
Required the right aſcenſion and declination of that ſtar, 


ExAM. Suppoſe the latitude of a flar is 7% og” N. its longitude 299 if; 
What is the right aſcenſion and declination of that flar, the obliquity of the 
ecliptic being 23% 28? 


The conſtruction of this Problem is much like that of Prob. XIV; 
only here the interſection of a parallel of latitude ch with a circle of 
Jongitude pAgq, will give the place of the ſtar. 

The computation is alſo as in Prob. XIV; for here are given pp= 
23 28', *Pa=829 51", and the / ppa=bo? 59", the co-longitude: 
Jo find pA the co-declination, and A the right aſcenſion, 

The declination of the ſtar will be found to be 1749“ N. (IV. 151 

And the right aſcenſion will be 12410“. (IV. 150) 


x60. PROBLEM XVIII. Pl. V. 


Given the meridional altitude of any celeſtial object, ſuppoſe a comet, 
its diſtance from a known ſtar, and the latitude of the place; 
Required the declination and right aſcenſion of that comet. 


Ex Au. Suppoſe a comet was obſerved on the meridian at London, when its 
altitude was 51 55', and its diſtance from the ſtar Arcturus was 5947“. 
I hat was the declination and right aſcenſion of the comet at that time? 


ConNSTRUCTION. 


In the primitive circle, repreſenting the meridian of the place, draw 
the horizon HR and prime vertical ZN ; lay oft the given latitude RP 
519 32%, draw the axis ps, the equator EQ, and (3d 135) nm Arcturus's 
parallel of declination=20® 21%, From the ſouth point of the horizon 
lay off the given altitude of the comet=51® 55" from H to o: About 
the point o as a pole, at the given diſtance between the comet and Arc- 
turus, deſcribe (IV. 68) a {mall circle aa cutting the parallel = m in &, 
the poſition of Arcturus at that time: Deſcribe the circle of right aſcen- 
ſion PMs, and a great circle through o and &. 


COMPUTAT ION. 


Since HE=389 287%, the co- lat. and the alt Hog 51 55, then Bo= 
(HO0—HE=) 13? 27", is the decl. ſought; which is north, as the altitude 
exceeds the co-lat. ; conſequently the polar diſtance or 7 37. 


Then 


— — ws 


22 — — 9 — > , 


A 222 £5 
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Then in the triangle P o are given the three ſides to find the o &, 
the difference between the right aſcenſions of the comet and Arcturus. 
and (IV. 154) the Cor & will be found 62“ 24'="4h. 9 m. 36 ſ. 
which is the difference of their right aſcenſions: Now if Arcturus had 
paſſed the meridian, the right aſcenſion of the comet was 18 h. 15 m. 16. 
but if Arcturus had not paſſed the meridian, the right aſcenſion of the 
comet was 9 h. 56 m. 4 f.; it being, in the former caſe, equal to the ſum; 
and in the latter to the diff. of Arcturus's right aſcen. and the / ops. 
161. PRO B L E M XIX. Pl. V. 

Given the latitude of a place, the Sun's declination and azimuth; 

Required his altitude and the time of the obſervation. | 

Exam. Ia the latitude of 13? 30' N. and when the Sun has 23% 28' N. 
declination: M hat is the Sun's altitude and time of the day, when be is ſeen on 
the ENE. azimuth circle? | 

ConSTRUCTION. 

Let the primitive circle repreſent the meridian of the place, in which 
ux repreſents the horizon, and zx the prime vertical; make Ry equal 
to the latitude, draw the 6 o'clock hour circle ps, the equator EO, and 
(34 153) the parallel of 239 28” of declination n m : The tangent of 659 
30/ being laid from the center a towards E, gives the center of the ver- 
tical circle zDN, which cuts the parallel m in the points A and B; and 
ſhews that at two diſtant times in the forenoon the Sun will have the 
aximuth propoſed : Through the point A and ; deſcribe the hour circles 
Pas, PBS (IL. 72); the angles 25 A, zy B, ſhewing the times from noon, 
may be meaſured by art. 72. Book IV; and the altitudes DA, DB, by 
art, 70. Book IV. 2 

CoMPUTATION. See art. 146. Book IV. 

In the ſpheric.triangle zA, or PzB, there are known, -- | 

The co-lat. zy“ 30“; the co-decl. PA, or PB=669® 32“; the 
azim. /PzD=67*-30'. _ 

To find za, or zB, and the Zz PA, or Z 2PB, ' 

As Radius: cof.azimuth : : cot. lat. :to tan. of a 4th are 1=57* 5. 

And as (in. lat.: fin. decl, : : coſ. u to cof. of a 5th are n= 24 507. 

J hen MN, org7*54/+ 24% 5b6*=82%50/=2a, is the comp of leaſtalt. 

Andu - N, or 5754 24956 32958 zB, is the comp-· ofthe gre. alt. 

Thereſore, when the Sun has7*107,0r57%02',0f alt. he is om the giv. aæim. 

Again, As coſ. dec. : fin. azim. ;: col. Ieaſt alt.: fin, hour fr. noon 8755. 

Aud as col. dec. : fin azim. :: col. greater alt.: fin. hour fr. noon 330147 
But 8755 5h 51® 40˙ and 330 14/=2* 12 569, the reſpect. times 
c. noon. | au | 

Conſequently the Sun will be ſeen on the ENE azimuthat 6 h. og m. 
20 f. and again at gh. 47 m. 4 f. both in the morning: Alſo, in the 
aſternoon he will be on the WNW. azimuth at 2h. 12 m. 50 f. and at 
5h. 51 m. 40l. | 2 : 

162 Now to find at what time, and at what altitude, the greateſt 
azimuth will happen at that place on the ſaid day. y 

Asthe azimuth circle in this caſe is to touch the parallel 7 m, there- 
fore the greateſt diſtance of the azimuth from the equator will be 23928"; 
and as their poles muſt be at the ſame diſtance (IV 355 therefore a ſmall 
circle rs deſcribed about the pole s, at the diſtance of 23 28” (IV. 66.), 
its interſection p with the horizon, is the pole of the circle zcn ; then 
deſcribe an hour circle pcs through p. 


/ * 
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In the ſpheric triangle zeyc right angled at c. (IV. 30 

Given the co-lat pz=769 3o”, and the co- decl. pc=6692 22, 

Required the greateſt azim. FHC o 37', the diſt, 20 = 54 off, 
and the hour from noon g 56 26'=3h. 4: m. 441. 

So that the azimuth is altered only 30 « in 2h. 6 m.; and conſe- 
quently the variation of the compaſs may be obſerved with more cer. 
tainty in the totrid zone than elſewhere. 


163. PROBLEM XX. Pl. XIV. Fig. 1. 
In the latitude of 209 00 N. flands a horizontal dial, the gnomon of whith i; 
perpendicular to the plane of the horizon : It is required to know at what hour 


in the afternoon on the longeſi day, the ſhadow of that gnomon ſhall ſtand fill; 
and how many degrees ſhall the ſhadow run back. 


ConsSTRUCTION, Let the circle z NH be the meridian of the place, 
HR the horizon, the poles of which are z, x; RY Sg 200, the latitude Þ and 
s the north and ſouth poles: About p deſcribe the tropic of Cancer aa, 
cutting the horizon in L; about s, a ſmall circle being deſcribed at the 
diſt. of 23 28”, the complement of the diſt. of aa from p, its interſection 
p with the horizon, is the pole of the azimuth circle which will touch 
the parallel aa in O, the place of the Sun when he has the greateſt azimuth 
that day: Though 2, O, N, deſcribe a vertical circle cutting the horizon 
in k; and through © and L deſcribe the hour circles Os, PLs. 

Then will the zy O be equivalent to the hour when the ſhadow will 
ſtand ſtill; and KL, the difference between the meaſures of the azimuth 
and amplitude, will ſhew how much the ſhadow will run back. 


CompuTATI1ON. In the right an- In rt. angl. ſpheric triangler © 2. 
gled ſpheric triangle PRL. Given O = go? os 
Given Lx = go? Oo co-lat. = 27 = 70 oo 
lat. 1 00 co-dec. = PQ = 66 32 
co-dedl. = PL = 66 32 | — 
— | Required hour Zz O= 33 0 

Requir. ampl. = RL = 64 56 azim.=/,QzP= 77 28 


Then 33% 02=2 h. 12 m. o8f.: And 77 28“ 64 56'=129 32. 
So that the ſhadow will ſtand till at 2 h. 12 m. o8f. and will run 
back 12% 32/. 


164. PROBLEM XXI. Pl. XIV. Fig. 2. 
A comet, the declination of which was 47 O N. was obſerved to be diflant 
from a ftar, to the eaſtward of it, 49* oo; the ſtar's declination was 369 00 


N. and its right aſcenſion 45% 00': What was the latitude and longitude of 
that comet 


| ConsTRUCTION. 

On the plane of the ſolſtitial colure, where P and E are the poles of the 
equator and ecliptic, put the ſtar at A by its right aſcenſion and decli- 
nation: About P and A deſcribe ſmall circles, at the diſtances of the 
comet from thoſe poings, their interſection © gives the place of the co- 
met; deſeribe great circles through a ©, PO, EO, then EO will be the 
co-latitude, and the CHR © the co-longitude; and their meaſures may 
be obtained from articles 70 and 72 of Book IV. 


Cone v- 
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CoMPUTATION. In the triangle 
. APO. 

Given the & 's co-dec. PA=54%00' obliq. of ecliptic E23 28 
comet's co-dec. PO =43 oO comet's rt. aſ. EPO =6g 12 
their diſtance A0 =49 oo 
Reg. comet's co-lat. EQ =39 54 
Reg. com. rt. aſ. fr. & APO =b65 48 and co-longit. PE © =$7 42 
Then 65948*—45%00=209%48'. [Which being taken from 90%, leaves 

Andgo*00'—20*48'=69*12'= OPE| 6 18 for the long. required. 


165. PROBLEM XXII. Pl. XIV. Fig. 3. 

At London, on the 10th of December, 1780, at what time of the night will 
the lars Aldebaran and Rigel be on the ſame azimuth circle? 

Aldeb. decl. 169 03' N.; right afc.=4 h. 23 m. 19 ſ. Ripel's decl. 
—$228' S.; right aſc. 5 h. oʒ m. 58 f. 

Their difference of right aſcenſions is 40 m. 39 f. or 1010“. 


ConsTRUCTION. On the plane of the equinoctial put Aldebaran at 
A, and Rigel at B, by their right aſcenſions and declinations, then a 
great circle through B and A will be the azimuth they are on at the time 
ſought ; and the parallel of London's lat. deſcribed about p, will cut 
the azimuth circle BA in zz the zenith, through which draw the me- 
ridians PZ, PZ. 

Here the neareſt interſection to the ſtars is taken for the zenith, 
for as the ſtars are both above the horizon, the greateſt zenith diſtance 
is leſs than go degrees. | 


CoMPUTATION. In the AAB In the triangle AP;. 
Given B's co-decl. PB= 989287] Given 4's co-decl. Pa=73%7 


In the triangle xy ©. 


A's co-decl. PA= 73 57 the co-lat. PZ=38 28 
diff. rt. aſc. C APR 10 10 | the ſuppl. of Bayor LPaz=23 02 
 — 


Required the A£ABAP=156 58 Req. CAPZ 142357 or =24 Of 
Now the ſtar Aldebaran comes to the meridian at 11h. 8 m. 27 ſ. in 
the evening; which leſſened by 1 h. 36 m. 41. (24® 01”) gives ꝙ h. 32m. 


231. for the time in the evening when thoſe ſtars will be on the ſame 
azimuth, 


166. | PROBLEM XXIII. Pl. XIV. Fig. 4. 
At what time in the evening will the flars Betelgueſe and Pollux have one 

common altitude ubove the horizon of London, on the 10th of December, 1780 ? 
Betelgueſe right aſcen.=5 h. 43 m. 16 f.; decl. 7 21' N. Pollux 

right ſcen =7h. 31 m. 51 f.; decl. 28 320 N. | 
T heir difference of right aſcenſion is 1 h. 48 m. 35 f. 27 og. 


ConsTRUCTION. On a primitive circle, where any point v repreſents 
the pole of the equinoQtial, put the ſtar Pollux at B, and Betelgueſe 
at A, by their declination and difference of right aſcenſions; through 
A, B deſcribe a great circle ; through c, the middle of as, deſeribe.a 
great circle at right angles to AB, and cutting PA in D; then a (mall 
circle deſcribed about P, at the diſtance of 38® 28”, the co lat. will 
cut the circle CD in 2 the zenith, | 


For the ſtars A and B having a common altitude are equally diſtant 


from 2, OMPU- 


Givencomet's co-decl.P © = 43%09' 
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CoMPUTATION. In the triangle aPs. 


Given A's co-decl. PA 8239) Required the BAP = 47® og 
B's co-decl. PB=61I | AB = 3% oh 
diff.rt.aſe. ZaPB=27 ©9 } Its half Ac = 16 37 

In the triangle Acp. | 
Given the c =9go®%0"'\ Required the 4D = 46% © 
LA 247 Oo AD = 23 1 
AC =16 37] Theref. pa—aD=PD = 59 01 
In the triangle pDz. : 
Given the co-lat. rz 3828“) Required £zZPD = 499 or 
PD=509 er | Or it is = 75 44 
L£.PDZ=45 30 


Now the ſtar Betelgueſe comes to the meridian at 12 h. 28 m. 8 ſ. that 
is between twelve and one o'clock in the morning (133); from which 
take 3 h. 16 m. 41. as the ſtars are to the eaſt of the meridian) and it 


leaves 9 h. :2 m. 4 f. in the evening for the time when thoſe ſtars have 
the ſame altitude, 


167. PROBLEM XXIV. Pl. XIV. Fig. 5. 
Wanting to know the latitude and longitude of a comet c, its diſtance from 

tio known fiars A and B were obſerved, and are as follow : 
A's lat =49%12'N. Lon. =16® 397“ X ; diſtance from c= 499 Oo 

' B's lat.=30 o5 N.Lon.= 2 48 un; diſtance from C=45 57. 
Hence the place of the comet c is required. 


ConsTRUCTION. On the plane of the ſolſtitial colure, where E is the 
pole of the ecliptic, put the ſtars A and 8 by their latitudes and longi- 
tudes, and deſcribe a great circle through A and B; then ſmall circles 
deſcribed about 4 and B as poles, at the reſpective diſtances of the comet, 
their interſection Cc will give its place; deſcribe great circles through a, 
c; B, c; E, c; and EC will be the co-latitude, and from £4 AEC will 
be obtained the longitude. 


CoMPpUTaAT10N, In the AABE. In the triangle aBc. 
Given A's co-lat. AaEt=409 48“ Gixen the diſtance AB= 59? ol 
| B's co-lat. BEZS9 55 diſtance ACZ 49 05 
diff. longit. C AEB=76 O diſlance BC= 45 57 
Required AB=59 o1| Required the BAC 56 27 
and {.FABZ78 31 Chen TAT CIA .rac=134* $3 


In the triangle ce A. 
Given A's co-lat. AE = 40? 48 | Required the co-lat. Ec 819 33 
diſtance Ac = 49 O05 diff. lon. ABCZ= 32 43 

and the CEA =134 58 ; Hence lat. is 8˙27 N. lon. 1922 in 


168. PROBLEM xxv. pl. XIv. Fig 6. 


The diſtance of the ſtar c being obſerved from two flars A and B the lati- 
tude and diſtance of which are known, and alſo the longitude of one of them; 
thence to find the lat. and long. of c. 

Suppoſe A's lat. to be 5 20'N.; its diſt from c 39 40“: p's lat. 
9? 5% N. its long. Taurus, 18® 16', and diſt. from c 109 74: And the 
diſtance of as 449 43": Required the long and lat. of c. 


— — wa * 
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ConsTRUCTION. On a circle of longitude, where is the pole of the 


ecliptic, put the ſtar B by its lat.; about the points B and E deſcribe cir- 


cles at the diſtances of 4 from thoſe points, their interſection gives the 
place of A: alſo circles deſcribed from A and B, at the diſtances of c 
reſpectively from them, their interſeCtion is the place of c: Then de- 
ſcribe the great circles EA, EC; Ac, AB; e; and Ec will be the co- 
lat. and REC the longitude, of c from B. 
CoMPUTATION. In the A AEB 
Given 4's co-lat. AE = 84 30 
B's co-lat. BE 80 03 
the diſtance 43 = 44 43 
Required the ZABE 92 14 Required the £4aBC = 55 22 
In the triangle nEc. | | 
Given B's co-lat. BE=80® 03 e c's co-lat. CE = 722 01 


In the triangle anc. 
Given the diſtance AB = 44* 47 
diſtance AC = 39 40 
diſtance BC = 10 074 


the diſtance Bc=10 075 C's lon. fr. B, .BEC 6 22 
(LABE JL ABC=)/.CBE=36 52 J And its abſolute long. 8 11 54 


169. PROBLEM XXVI. Pl. XIV. Fig 7. 


From the altitudes of two known fixed flars, and the altitude of a planet 
when in the ſame azimuth with one of theſe ſtars ; to find the place of the planet. 
EXAMPLE. Obſerved the Moon and Cor Leonis in the ſame azimuth, 
when the Moon's zenith diſtance was 369 37”. 
Cor Leonis's zen. diſt. 45 oO; decl. 139 02'N.; rt. af q 56 395 
Cor Hydra's zen. diſt.=49 16 ; decl. 7 438.3 rt. aſ. 9* 16 47%. 
ConsTRUCTION. On the plane of the equinoCtial, the pole of which 
is p, draw the colures, and in the ſolſtitial, take E for the pole af the 
ecliptic ; put the given ſtars at B and a by their declinations' and right 
aſcenſions: About B and A as poles, with their reſpective zenith 
diſtances, deſerihe circles cutting in z the zenith; through z and B deſ- 
cribe an azimuth circle, and making z) equal to the ) 's zenith diſtance, 
it gives her place: I hen deſcribe the great circles zB, Za,ZD,E) ; and 
the arc E) will be the co- latitude, and APE) the longitude from the 
firſt point of 95. ' | 
ComPUTATION. In the A App. In the triangle 283. 
Given A's co-decl. PA=97* 43'|Given As zen, diſt Za =49? 167 
B's co-decl, PB=76 58 B's zen. diſt. 233 =45 co 


diff. rt. al. BSC A 58 the fide AB 222 594 
Required the L.ABP=153 572 [Required the £4 aBz=89 384 


the fide AB= 22 594| Then Z aBÞ—ABZ=4 28 = 
| 64 19, . Þ BP, 


In the triangle Þ ) x. 
Given obl. of eclip. ps = 23% 28” 
d's co decl. Phy = 7? 261 


In the triangle 8 ) p. 
Given B's co-decl, Bp =76% 58! 


Gen — 


4.PB) =b4 19 
Requ. D's co-decl. p) =73 26+ 
)'s rt. af. fr. 3, CBP D 7 53 
Then 90 + / E + 4 BP 5 = 
LEP) =128? 47, 


| 


)'s co-rt. aſ. ET) =128 43 
Requir. Ds co lat. D E= 88 41 

D s lon. fr. S. PE) = 48 25 
And its abſolute long. is N 1135 


| 
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SECTION VI: 
Of various methods to find the Latitude, 


The uſual way at ſea to find the latitude is from the Sun's meridional 
altitude and declination ; the manner of doing this will be particularly 
ſhewn in Book IX. But as it frequently happens at ſea, that the meri- 
dian altitude cannot be taken, therefore the mariner ſhould be furniſhed 
with other means to come at the knowledge of this moſt uſeful article, 
To help him in this point, and as a farther exerciſe in the Aſtronomy of 
the ſphere, the following problems are collected together. 


170. PROBLEM XXVII. Rs + + 


Given the Sun's declination and his amplitude; 

Required the latitude of the place. 

ExAM. Being in a place where the compaſs had no variation, on a day 
when the Sun's declination was 15% 12'N., I obſerved him to riſe 62* 30 
from the north towards the eaſt : Required the latitude of that place. 


ConSTRUCTION: 


Having deſcribed the primitive cirele, drawn the horizon Hr, and 
(IV. 72) taken Ro=62® 3o'; then about o as a pole deſcribe (IV. 66) 
a ſmall circle, at the diſtance of 74” 48'=co-decl., cutting the primi- 
tive in P, the place of the north pole: Draw the axis rs, the equator 
EQ, and the circle Pos, cutting the equator in A, 


CoMPUTATION. 


In the ſpheric triangle oa right angled at A. 
Given the co-amp. Oo = 27 300] Thenl.vo: rad. :: ſ. 40: ſ. apo. 
the declin. ao = 15 12| Hence the latitude will be 550 
Required the co-latitude A Vo. 24 N. | | 


191. * PROBLEM XXVII. Pl. v. 


Given the Sun's declination, and his aſcenſional difference ; 

Required the latitude of the place. 

Exam. ben the Sun had 20 01” of declination 8, he was obſerved 10 
ſet at 4 h. 3om. : Required the latitude of the place. 

As the aſcenſional difference is the time that the Sun riſes or ſets be- 
fore or after 6 o'clock ; therefore 6h,—4h. 30 m. i h. 30 m. 227 
30 = aſcenſional difference. 

ConsTRUCTION. Ia the primitive circle repreſenting the meridian of 
the place, draw the equator EQ, the axis Ps, the parrallel of declination 
70, 20 O1'S.: Make v B=22* 30, the aſcenſional difference; de- 
ſcribe the circle of right aſcenſion PBs, cutting r in o; then a diame- 
ter HR through o will be the horizon, and xy the lat. ſought. 

CoMPUTATION. In the ſpheric triangle Y Bo, right angled at B. 
Given the aſc. diff. Y = 22% 30/| Then rad.: cot. oB:: ſ. B: cot. O 

the declin. oB & 20 01 | Orrad. : cot. dec.: :fin. af. diff.: tan. lat. 
Required the co- lat. o. Hence the lat. will be 46* 25 N., 
being contrary to the decl. hen the alc, diff. falls between noon and 6x. 


172. PR O- 
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172. PROBLEM XXX. Pi. v. 


Given the Sun's declination, and altitude at fix o'clock ; 

Required the latitude of the place. 

Ex AM. Being at fea, on u day when the Sun's declination was 20004 N. 
bis altitude at fix o'clock in the evening was 18* 4.5' : What was the latitude 
of the place of obſervation ? 

ConsrtRUCTION. Having deſcribed the meridian, drawn the horizon 
HR, the prime vertical z N, and the parallel str of 18? 45” of altitude; 
from the center V, with the half tangent of the declination=20? og”, 
cut the parallel it in o: Through o draw the axis vs, and the azimuth 
circle ZoN (II. 72), and the meaſure of KP will give the latitude ſought. 

CoMPUTAT10Nn. In the ſpheric triangle Y AO, right angled at A. 

Given the decl, yo=20%4/N.jThen fn. O: rad. :: ſ. A0: ſ. CoA. 

the altit. Ao g 8 45 [Or fin. decl. : rad. r fin. alt.: fin, lat. 
Required the lat. 4 0 VA Which is 69*32'N., as the decl. is N. 


173. PROBLEM XX. Pl. V. 


Given the Sun's declination, and his altitude when due eaſt or weſt ; 
Required the latitude of the place. 


Exam. In a place where the compaſs had no variation, the Sun was ob» 
ſerved to be due eaſt when his declination was 16* 38'N., and his altitude 
20* 12”: What is the latitude of that place? 


CoNnsTRUCTION. In the meridian HZRN, draw the horizon Ax, the 
prime vertical ZN, and make Y o=the half tan. of the alt. 20? 12“: 
About o as a pole, at the diſtance of 73? 22, the co-decl., deſcribe (IV. 
66) a ſmall circle, cutting the meridian in P the elevated pole; draw 
the axis Ps, equator EN, and through p, o, s, deſcribe an hour circle 
vos; then the meaſure of PR ſhews the latitude. 

ComMPUTATION. In the ſpheric triangle Y Ao, right angled at A. 
Given the alt. yo=20%12' | Then ſin. o: rad. : iu. 40: ſin. CA e. 

the deck Ao g 16 38 N. Or ſin. alt.: rad. : : fin. decl. : fin. lat. 
Required the latit. C. Ax o, I Which is 56? oo'N., as the decl. is N. 

But had the declination been S., the other interſection of the parallel 
circle and meridian muſt have been taken for the elevated pole, and the 
latitude would be ſouth. 


174. PROBLEM XXXI. Pl. V. 


Given the Sun's altitude and the hour of the day on either equinox z 
Required the latitude of the place. 


Exam. On the day the Sun entered the vernal wquinox, his alt. was found 
22* 56” at 9 o'clock in the morning: In what lat. was that obſervation made p 


ConsTRucT1oN. Deſcribe the meridian, draw the horizon, the prime 
vertical, and (IV. 68) the parallel at of 229 56' of alũtude; from the 
center M, with the half tan. of 45*=3 b., the time from 6 o'clock, cut 
zt in o, and deſcribe the verticle circle zoN, cutting the horizon in B, 

ComPUTATION. In the ſpheric triangle 4pBo, right angled at B. 

Gixen the time aſter b, yo=45*%00'] As ſ. MO fad.: : ſ. 80: L. 

the altitude BO = 22 56 [Or ſ. timea6: rad. : :{. alt.: coſ. l 
Required the co - latitude 8 0. | Which is 56% 34. 


R a ins PRO. 


175. PROBLEM XXXII. Pl. v. 


Given the Sun's altitude, declination and azimuth; 
Required the latitude of the place. 


Exam. Being at ſea in a place where the compaſs had no variation, in the 
efternoon when the Sun was 4.2* 30“ high, his bearing was S. 57* 45 W. and 
his declination 22 30 N. M hat is the latitude of that place? 


ConsSTRUCTION. Draw the meridian, the horizon HR, the prime 
vertical ZN, and the parallel sf at 429 3o' above the horizon (IV. 68): 
The tangent of 572 45” ſet from à towards R gives the center of the 
azimuth circle zon, cutting the parallel of altitude sz in o: About o as 
a pole (IV. 66), at the diſtance of 67 30”, equal to the co-declination, 
deſcribe a ſmall circle, cutting the meridian in , the place of the pole; 
then the meaſure of R gives the latitude fought. 


ComPUTATION. In the oblique angled ſpheric triangle zor. 
Given the zenith diſt. zo = 47 30” | 
the polar diſt. po= 67 30 | Require the co-latitude pz, 
the azimuth 4Pz02Z122 15 
As rad. = A 10,00000 As ſin. alt. = 429 300 , 15032 
To col. azim. = 122 15“ 9, 72723 [To fin. decl, = 22 30 9.828 
So co-t. alt. = 42 30 10, o3795 So col. 41k. = 30 13 9,936; 


To tan. 4th. = 3o 13 9.65 18 To coſ. tb. = bo 42 9, 68974 

Then the difference between the 5th and 4th arcs, that is 3013“ 
taken from 60“ 42”, the remainder 307 29“ is the co-lat. Therefore 59? 
31” N. is the latitude ſought, | 


176. PROBLEM XXXIII. Pl. V. 


Given the Sun's declination, bis altitude and the hour of the day; 
Required the latitude of the place. | 
Ex AM. Being at ſea, the Sun's altitude was obſerved to be 37 20“ at 
h. 45m. in the morning, his declination at that time being 229 30“ N.: 
I hat is the latitude of the place of ol ſer vation? 


ConsTRUCTION. In the meridian ES, draw the equator EQ, axis 
ps, and parallel of declin. m, 22 30” diſt. from the equator {3d 135). 
Set off from the center A towards Q the tang. of 33* 45'=2 h. 15 m., 
the diſtance between the time of obſervation and noon, which gives the 
center of the hour circle Pos, cutting the parallel am in o: about the 
point o as a pole, deſcribe (IV. 66) at the diſt. of 52 40', the zen. diſt., 
a ſmall circle, cutting the meridian in z the zenith ; through zo deſcribe 
an azimuth circle zoN.; then the meaſure of ZE will give the lat. ſought, 


Cour Ari. In the oblique angled triangle zop, 
Given the zenith diſtance 20 = 52? 40” ; 
the polar diſtance Fo =67 30 +} Required the co-lat. ZP. 
the hour from noon Z Zz ro =33 45 
As rad.: coſ. hour A. M.:: co-t. decl. : tan. 4th arc 63 317. 
As fin. decl. : fin. alt. : : cof. 4th arc: col. 5th arc =45 02. 
Rs difference is the $0-latitude 1829“. Therefore the lat. is 710 
21” N, 
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177. PROBLEM XXXIV. Pl. V. 


Given the altitudes of two known fixed ſtars, having the ſame azim.; 
Required the latitude of the place. 


Fxam. Being at ſea in an unknown latitude, I obſerved the flar Schedar 


Cuſſiapeia, and Almaach in Andromeda, to have the ſame azimuth, when 


tbe altitude of Schadar was 37* 15“; What is the latitude of that place? 


ConsTRUCTION upon the plane of the equator. Let the primitive circle 
repreſent the equator, the pole of which is P, and any point Y the place 
where the right aſcenſion begins, from whence lay off Ya=27* 37' for 
al maach's right aſcenſion, and pb=7? 2“ for Schedar's ; draw the cir- 


cles of right aſcenſion Pa, pb : Deſcribe (3d 137) Almaach's and Sche- 


dar's parallels of declination, cutting Pa, Pb, in A,B; A being Almaach, 
and n Schedar. A great circle paſſing through A and B (IV. 61) will 
de the azimuih they are on. About ; at the diſtance of 52 45“, Sche- 
dar's zenith diſtance, deſcribe (IV. 66) a ſmall circle, cutting the faid 


azimuth circle in z, the zenith of the place; draw ÞZ, which meaſured 


on the half tangents gives the co. latitude of the place of obſervation. 


COMPUTATION. 


iſt In the oblique angled ſpheric triangle ABP. 


Given Almaach's co dec. YA =48? 44'] Required the angle of poſi- 


Schedar's co-dee, PB=34 40 tion ABP, 
their diff. of r. aſc. C apB=20 33 | Forthelſolution,lfeclV.16s5. 


As rad, 999 o-. 10,000c0| As fin. 5th. are. 129 11' 0,67563 
| Tocol. Laps 20 35 9,y7135| To fin. 4ch. arc. 46 51 9g 85306 
do is tau. AP 48 44 10,05076|So is tan. CATS 20 35 9.57466 


To tan 4h arc. 46 51 10, 2811 To tan. £3 52 23 10, 11335 


The ide Be 34 40 


12 1 


The sch arc. ia 24 


zd. In the oblique ſpheric triangle PBZ, 


Given Schedar's co-dec. p3= 34* 40“ Required the co lat pz. 
Schedar's co-alt. BZ= 52 45 For the ſolution, ſee IV. 155. 
angle of poſition PBZ= 52 23 | Here R Sup. PA. 


As rad, = K io, ooo 
To col. / poſit. 52 23 9.78860 As coſ. 4th arc = 229 53“ 0,03560 
do co t. Sch decl.= 55 20 9,83984| To coſ. gth arc = 29 52 9.93811 
So fin, Sch. dec. = 55 20 9,9512 


To tan. 4th are = 22 53 9,62544 — 
Waich taken from 52 45 232 To fin, latit. =50 44 9.88883 
Leaves 5th arc 29 52 
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178. PROBLEM XXXV. pl. v. 


Given the difference of time between the riſing of two known ſtars; 
Required the latitude of the plate. 


Exam. Being at ſea in an unknown place, the flar Aldebaran was obſerved 
to riſe 3h. 15 m. later than the bright flar in Aries: Required the latitude 
of that place. | 
Bright ſtar in Y deel. 22 25/ N.; right aſcen. 1h. 34 m. 49 8. Al- 
debaran's decl. 16* 03'N. ; right aſcenſion 4 h. 23 m. 198. 


ConsSTRUCTION. 


Let the primitive circle repreſent the equator, deſcribe (3d 137) the. 
parallels of declination of the two ſtars, that of Aries being 229 25/N 
and of Aldebaran 16% 03'N : Draw pa for the circle of right aſcenſion 
paſſing through the ſtar in Y, which ſuppoſe in A: From a lay off ab, 
=37* 54'=diff. of right aſcenſions; and ac=48® 45'=3h. 15 m., the 
diff of time between their riſing ; draw be, cr, cutting the parallels of 
declination in 3, C: Through the points B, c, deſcribe (IV. 61) the 
great circle HoR ; draw PO at right angles to HR, then the meaſure of 
Po will give the latitude ſought. 


COMPUTATION, 
In the oblique angled ſpheric triangle nc. 

Given B's co-decl, PB=73%7" Rad: coſ. Z. Bye: : t. B: t. M . 
A's co-decl. PC) 35 [From M take Pc leaves N= 603. 
CA 4 APB=Z£BPC=IIL 372 As ſin. N: ſ. M:: tan. CPB: t. Cc 
Required the angle pcs. Hence 4pco=61® 54. [118* ob, 

In the ſpheric triangle Pco, right angled at o. 
Given C's co-decl. pc=67* 35" | As rad. : fin. Pc: ;: fin. 4 vco: fin. v0 


and the /PCo=b1x 54 | [=54* 38. 
Required the latitude Po. Therefore the Jatitude is 54* 38“. 
179. PROBLEM XXVI. Pl. V. 


Two known fixed ſtars being obſerved to have the ſame altitude; 
Required the I titude of the place of obſervation. 


ExAamP. In the evening, the ſtars Capella and Precyon were obſerved at 
the ſame time to have each 389 oo of altitude: Required the latitude of the 
place where that obſervation was taken. 


Capella's decl. =45® 45 N. right aſcen. 5h. Oo m. 28 f Procyon's decl. 
25% 4/ N. right aſcen. 7 h. 27 m. 481. 


Cons TRUCTION. 


On the plane of the equator, repreſented by the primitive circle, de- 
ſcribe (3d 137) the parallets of the given declinations ; take ab= 30650“ 
the diff. of the given right aſcenfions; draw Pa, Pb, then A repreſents 
Procyon, and B Capella. 

About A ant B as poles, deſcribe (IV. 66) arcs of ſmall circles, at 
the diſtance of 529, the co altitude, and their interſection gives z the 
zenith of the place: Through the points A, B; 2, A; z,'B; deſeribe 

reat circles (IV. 61), and draw ze, the meaſure of which will give 
* co-latitude of the place of obſervation. 
Comev 
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CoMPUuTATION. 

In the oblique angled ſpheric triangle ays. 
Given A's co-decl, Aap=84%1J|Rad.:col.4P::t.mp:t.M=37% 57 
| B's co-decl. BP=44 15 [And M tak. fr. PA leaves x=46 16 
diff. rt. aſc, £APB=36 50 [Sin.N: fin. M;: tan. : tan. CBA 


Required the ſtars diſtance AB. 123231 
And the angle BAp. Coſ M: coſ. x : :coſ. P: coſ. Ai 06 
In the oblique angled ſpheric triangle AZ B. 
Given A's co-alt. ZA=52%co'|'The angle BAz will be found = 
B's co-alt. zZB=52 Oo | 689 og. 
ſtars diſtance aB=5$1 ob [Then /paz — LNA = PAZ 
Required the angle z AB. 35% 33 | 
In the ſpheric triangle azp. | 
Given 4's co-alt. 2 A 5 eRRad.: coſ. A:: t. z A: t 12479 
A's co-declin. AP—B84 13 fu taken from PA leaves N=36 44 
the angle ZAP=35 30 |Coſf.u:cof,n::cof.za:col.pz=43 06 
Required the co-lat. 27. Therefore the latitude is 46* 54/N. 
180. PROBLEM XXVII. Pl. V 


Given the altitudes of two known ſtars; 

Required the latitude of the place, 

Exam. The altitude of the Hydra's . heart was obſerved to be 49 44/, 
and of Ka Lion's heart 45% 00' : What is the latitude of the place of obſer- 
vation 

Hydra's heart, decl. = 7 43“ 8.; right aſcen. = gh. 16 m. 47 f. 
Lion's heart, decl. 135 N.; right aſcen. gh. 56m. 39. 


ConsSTRUCTION. 


If this problem is conſtrued on the plane of the equator, it will be 
in every reſpect like the laſt ; only the ſmall circles, deſcribed about A 
and B are to be unequally diſtant from their reſpeCtive poles 4, B. 


CoMPUuTaAaTloON, | 


Here, as in the laſt, there will be three ſpheric triangles to work in; 
namely, the triangles APB, ZAB, and ZPB. 
Ro triangle APB, where AP=97% 43, BÞP=76* 58“, LAPB= 
9' 50+ . 
As rad. : coſ. CAB:: tan. BE: tan. M=76® 46'$, Then ap—M=N 
=20? 574. 6 
As fin. N: fin. M:: tan. AER: tan. C BAP=25* 34 
And as col. M: cof. N:: coſ. BP : cof. Ba = 22 59. 
In the triangle Baz, where az =49® 16', Bz=45* 0”, AB=22* 50“ 
The angle Baz will be found equal to 68“ 56“. 
Then ZBAZ—L£BAP=Z£PAZZ=43* 22/. 
In the triangle Az, where 42 =97* 37', A2 849%, C PAZ =43922/. 
As rad. : col. 4 PAZ :: tan. AZ : tan. Mg 40 10“. Then Af — M 
N57 27. | 
And as coſ. M: cof. N:: cok Az: col. pz =62? 390 
Hence the latitude ſought is 279 21'N. 
| R 4 181. PR O- 
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181. PROBLEM XXXVII. Pl. v. 


Given the Sun's declination, two altitudes, and the time between the 
obſervations ; | 


Required the latitude of the place. 


Exam. On a day when the Sun's declination was 209 oc M, in the fore. 
noon the Sun's altitude was obſerved to be 189 30“, and 3 hours after, his al. 
titude was 44% 00' : What was the latitude of the place? | 


Cons TRUCTION. 


Let the primitive circle repreſent that hour circle on which the Sun 
was at the firſt obſervation, EQ being the equator, then ag, the parallel of 
209 of declination, gives a the Sun's place at firſt; and as cis the tan. 
gent of 459, Q will be the center of the hour circle PBs three hours di- 
ſtant from the former, its interſection B with the parallel of declination, 
is the Sun's place at the ſecond obſervation : About A as a pole, at the 
diſtance of 719 30',- the firſt zenith diſtance deſcribe (IV. 66.) a ſmall 
circle ; about B, as a pole, at the diſtance of 469 00”, the ſecond zenith di- 
ſtance, deſcribe (IV. 66) another ſmall circle, cutting the former in 2 
the zenith: Through z, A; z, B; A,B; r, 2; deſcribe (IV. 61) great 
circles; then PZ is the co- latitude required, 


COoMPUTAT IOX. 
Here are three triangles to work in; namely, ABP, ABZ, Bz. 


In the iſoſceles ſpheric triangle ApB. 
Given AP = 70%00'| Suppoſe the perpendicular pb is drawn. 
By = 70 oO Rad.: tan, BG :: col, PB: co-t. 4 PBA=81® 56. 
CAPB = 45 Co [Rad. : fin. PB: : ſin. BFG: fn, 355 2 219047. 
Req. ABT and 4B. {Then Bb double gives AB=42® O9“. 


In the oblique angled ſpheric triangle aBz. 
Given az = 719 LY Then working with the three ſides, the angle Ab: 
BZ = 46 00} will be found=1149 11'. 
| AB = 42 09 And ABZ - 4 PBA=Z=PBZ= 32? IS. 
Required /aBz%. |. 


In the oblique angled ſpheric triangle PBz. 
Given PB = 70%00'] As rad. :cof./ PBZ : : tan. BZ: tan. M=419 13. 
B7 = 46 oo And pB—M=N=2809 47”. 
Z= 32 15 [As cof. M: coſ. N: : col. BZ: coſ. pz=30® 59't 
Req- the co-lat. Pz. Therefore the latitude is 549 N. 


182. If the Sun's altitude can be taken both before and. after noon, 
when he has equal heights, then the time between theſe two obſerva- 
tions being biſected, will give the time when the Sun was on the meri- 
dian: Now the co declipation, the co-altitude, and the time from noon 
at either obſervation being known, the latitude may be readily computed 
in one oblique angled triangle, in which are known two ſides, and an an- 
gle oppolite to one of them to find the other fide, which is the co-lati- 
tude ; for which fee the problem, art. 176. | 

183. PRO- 


183. PROBLEM XXXIX. Pl. v. 


Given the Sun's declination, two altitudes, and the difference of the 
magnetic azimuths; 
Required the latitude of the place. 


Exam. On the 21% of May, the Sun's declination being 200 16“ N., in 
the morning when the Sun was on the ESE. point of the compaſs, his altitude 
was 43% 30“; and when be bore S. 20* 30“ E. his altitude was 58* 30/ : 
Il hat is the latitude of the place of obſervation ? 


CONSTRUCTION. 


Let the primitive circle repreſent the azimuth circle which the Sun 
was on at the greater altitude, 58 30”, 4 being the Sun's place at that 
time, HR the horizon, and 2 the zenith; draw aa a parallel of 430 30 
of altitude, and (IV. 75) deſcribe a verticle circle, making an angle with 
az, of 47 00”, the difference of the obſerved azimuths; the place where 
this cuts the parallel of altitude aa, gives B the Sun's place at the firſt 
obſervation : Then ſmall circles being deſcribed about A and B, as poles, 
at the diſtances of 69 447, the co-declination (IV. 66), their interſec= 
tion will give P the place of the pole: Through A, B; P, A; P, B; and 
2, F, deſcribe great circles (IV. 61) then ez is the co-latitude ſought. 


CoMPUTATION. 
Iſt. In the ſpheric triangle Az B: Given az = A's co-alt. = 319 230” 


BZ = B's Co-alt. = 46 30 
AZB = diff. of az. = 47 00 


Required 4 4Bz =:45 48 

AB — 7 

24. In the iſoſceles ſpheric a AS: Given aP=a's co-decl. = 69 44 
BP=B's co-decl. = bg 44 

AB= diſtance = 32 17 


Required 4 any 1p = 83 52 

3d. In the ſpheric triangle zBy ; Given Bz 's co-alt. = 46 30 
PB =B's co-decl. = 69 44 

BY 11 


. Requir. ZP = co-lat. = 39 21 
Therefore the latitude of the place is 50? 39“ N. 


184. PR O- 
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184. PROBLEM XL. Pl. V. 


Two known ſtars being obſeryed on the ſame azimuth, and two other 
known ſtars being obſerved on another azimuth, and the time between 
the obſervation being known; to find the latitude of the place. 


Exam. The flars Aldebaran in Taurus, and Rigel in Orion, were al- 
ferved on the ſame azimuth ; and 2 h. 35 min. after, thi lars Caſtor in Ge. 
mini and the Hydra's heart were alſo obſerved oz another azimuth ; What waz 
the latitude of the place of obſervation & | 


CONSTRUCTION. 


On the plane of the equator put the ſtars Aldebaran and Rigel at a, 
B, alſo the ſtars Caſtor and Hydra at c, d, by the means of their right 
aſcenſions and declinations (2d and 3d of 137): Let the ſtars c, d, be 
removed forwards 2 35", or 38? 45 toc, p; through A, B, and n, c, 
deſcribe (IV. 61) great circles interſecting in 2, the zenith of the place; 
draw the great circles Ac and z; then the meaſure of pz gives the 
co- latitude required, | 


| CoMPUTATION. 
Aldebaran's declin. = 160 N. right aſcen. = 4* 23 * 6550“ 


Rigel's —= 8 288. = 5 03 58 = 75 593. 
Cattor's = 32 21 N. = 7 20 33 =110 68. 
Hydra's heart 7 438. = 9 16 47 =139 12. 


aft. In the triangle yaB, where pB=982 28“, Pa=73* 57%, LA 
= 10 ogg“. : m . 
Then the ZAB will be 156% 59/, andthe LAZ, the ſuppl. 230 cr. 


2d. In the triangle PcD, where yp=97® 43/, PC=579 39“, 4cPD 
229 O. 
; Then the cp will be 140 09), and the vez, the ſuppl. 3951“. 


3d. In the triangle APC, where AP = 13® 57's a 57 39, C. APC 
25% 33z', which is the difference between 2 h. 35 m. and the differente 
of the right aſcenſions of A and c. 


Then the Pac will be 1612 4 PCA=161930', and cg 1 oF. 
Now /Pac+4PAZ=ZCAZ=399 13; and ZPCA— gp PCZ=LACL 
2121 39. | | | 


4th. In the triangle acz, where Ac 199 03'; £CAZ=399 13, CA 
DW. 5 


Then cz will be found equal to 289 260. 
5th. In the triangle c? where cz = 289 26', cp = 57® 29', 4PCZ 


n LE 
. Then pz will be found equal to 389 497. . 
And the latitude of the place of obſervation is 51* 11. N. 


There 
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| There might be given a variety of other problems to find the 
latitude from various circumſtances; but the trouble of ſolving them, as 
well as ſome of the foregoing ones, is too great to render them of general 
uſe: And indeed, ſome of them were only inſerted as trigonometrical 
exerciſes for young ſtudents ; it being generally allowed, that the ſciences 
are moſt readily learned by working many examples : And on this 
account it was judged, that the few following queſtions might not only 
be entertaining to. thoſe who have a love for theſe matters z , on ſome 
occaſions might be uſefully applied at ſea. | 


185. PROBLEM XEE 
Given the Sun's meridian, or mid-day altitude 8629 of, 


And its mid-night depreſſion, below the horizon, 22 O. 
Required the latitude of the place, and the Sun's declination, 


dot u Tion, Letthecircle Hax be the meridianz - 

arc Hm, the meridian alt; its fine 2 
Fm; 
arc xn, the mid- night depreſſion; 
its fine , ; 

mn, the parallel of declination; H 
Q, parallel to mz n the equator; 
Ps, at right angles to Qg, the 
axis, or 6 o'clock cir 8 — 


N | 
hf CO —— Ie and Qm=9gn, 
Then HQ _ = =co-latirude =42® o. 


And ]]? =——=—==declination 220 O00. 


In the following problems, as it was the method of computation 
which was chiefly intended for the information of beginners, the con- 
ſtruction is ſuppoſed to be done: And the lines and letters, as here 
deſcribed, are to be underſtood to repreſent the ſame things in each fi- 


gure. 


PROBLEM 
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186. PROBLEM XLII. 


Some time in the month of May, 1780, at a place in the weſtern ocean, 
the Sun's meridian altitude was obſerved to be 629 o; and 1 48 143 


after, the altitude was ou te be 54% 30'; Required the latitude of that 
place, and the Sun's declination, 5 | 


Let m and A be the Sun's places at the given 
times. Y 
mr, AD, the fines of the obſerved alti- | : 
tudes. WI 
mB the differenceof thoſe right ſines. H. U 
Cra, the given interval of time. \ "Cf 
and Cg, the verſed fine of that interval. 


| 


Now q: Q:: mA: mn (II. 182). And ma :mn :: n ME. (II. 167). 


Therefore Qa: Qq :: m3 : MR mf ++ nf. 
And Den 2K radius x diff. of fines of alts. 

* a verſed line of hour from noon* : 
But verſed fine of an arc = twice ſquare of the fine of half that arc. 


| WY (IV. 193) 
2% R x diff. fines of alts. diff. of fines of alt. 


. _ . Radius 
255, 3 hour 4 noou * 55, £ hour @ noon* 


— 


Thereſore mk = 


being 1. 

Or L, diff. fines of alts.— 215, 3 hour a noon , ſum fines, ur + nf. 

Here 10 48 14*=27® 3” 30”. (131) | Alt. 62%0'nat.Gne=0,88295(1v.256) 
Alt. 54 30 nat. ſine So, 81412 

And ; hour à noon = 13%31' 4;”- Diff. of ſines of alts. =0,06883 


Now diff. fines alts. =0,06883 ; its log. 8.83778 7 
z hour a noon - =132 31745“; twice its log. fine 8.73822 3 
mk =1,2574 the number to log. 10, 099461 
mf o. 8829 the nat. fine of 62? oo the meridian altitude. 
nf S, 3745 the nat. fine 21597 36” the mid-night depr, 


Sum 83 c9 36,441959/48”= co-lat, 
Diff. 40 co 241ts 4 20 00 12 dec. 
Latitude 480 © 12” N. obſervations made on the 19th of May. 
* Ine mark à is used for the word from. 
+ Here 8, is the index; becauſe 6, the left-hand digit of 0,06881, is in 
the place of 2ds. . | 
t The log. ſine of 130 317 is 9,36871; and of 13* 32/ is.9,36924 ; their 
diff. is 53; then 60”: 53 :: 45 ; 40; and 9,368714+40=9,30911 3 its 
double is 8,73822, rejecting 10 in the doubled index. 
In ſubtracting 8, 73822 from 8,8 3765; the index of the minuend is to be 
increaſed by 10 for a radius; or aug ment o, the index of the remainder, by 10. 
The log. 10, 9946, having 10 for its index, ſhews that the left-band 
place of its correſponding number ſtands in the place of units. 

To find the degrees, minutes, and ſeconds to a given natural right fine, 
Now 7 , 3745 its log. is ,57345; which tought among the log, fines, 
falls between thoſe gf 21 597 and 229 o; the difterence of their logs is 31 ; 
and the difference between the given log. and that of 219 507 is 19; then 
31:19 :: 60“: 36“; fo that F anſwers to 219 5%“ 36”, (iv. 257). 
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187. PROBLEM XLW.- | 
Being at ſea, . ſome time in July, in North lat. the Sun was obſerved to 

riſe at 4b. 24m. 36s. A. M.; and in the ſame place, his altitude at noon 

was 629 00” : Required the latitude of that place, and day of the month, 
Let m, v, n, be. places af the Sun, at noon; - _ _Z 


at riſing, and at midnight. | m 
mr, nf, fines of mer. alt. & midnight depr. 


ov the ſine of the aſcenſional difference. JN 
vg the verſed fine of the time of ſetting | F 


from midnight. N 


Sradius F ſine of the aſcenſional dif- 
Vo v m : 
Then »f= = J or Ls, nf=1L", rs, mF Lv, EVPR. 


ference. 


Now O: vg:: (mv: vn: :) mr: nf. 


Or, L, qv+Ls, merid. alt, + 2155 I time à midnight L, 2 L, mid- 
night depreſſion. | 


Here ov=(s, 1 h. 35 m. 24 f. =, 230 51'=) 0,40435; and op- 1, 4043. 
Time from midnight 4 h. 24 m. 36 8s. 66 097; its half 33 4. 


=, 4433 its 1“ 9, 85254 

me =5,029 its 6, 9,94593 

5 '7y 33* 4% 2L'% 947397 

he 7 Its L o, 30103 

of =219 59 40% its 12, 9.57347 
Merid. alt. =62* & of 8 
Midnt. depr. 21 59 40 * 
Sum =83 59 40; its! 41 597 50“ 1 „ 
Dif. ==4O | O 20; its?=20 O 10 
Latitude =48? 10” N. : 
Declination 20 & 40” N. on July 23d. f (18g.) 
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188. PROBLEM XIIV. 


It a place in the northern hemiſphere, ſome time in the manth of May, the 
Sun was obſerved to have 149 431 altitude at 6 h. P. M. and to ſet at 7 h. 
35 n. 245. Required the latitude of that place, and day of the month. = 


Let m, N, v, u, be places of the Sun, at noon, 6 o'clock, ſetting and 
midnight. See the fig. to Problem 43. 
mr, Nt, fines of the altitudes at m and x. 
ov, vg, and qv, the ſame as in the laſt problem. 


Now ov: vg: (nv: vn::) N: . Then L, F, ov+L, r L, wy, 
Alſo ov: O:: (NV: vm: :) Nr: mF. And 1, nr OV T TL, Nt+L, o. 
Here og, 239 51'=0,404 34 3 and g= 1, 4043. 

gv=vz 669 og! u, 33” 4. 


Then ov=s, 230 510 its 1's, o, 39325 And ov=5,23% 51 its L's, 0, 39325 


n =, 14 43, 1 9,0644 u =, 14 431 ite 1, 9, 40514 
v= ls 9,47397 1, 4043 ite , 1914746 
. 0.30103 me ==1,02 © 17, 994885 
7, 220 of. 9.52339 | 
0 0 
Tben £22 =42* the co-latitude. 
62—22 * 3 8 
And ———=20? the declination anſwering to May th. (185)) 
189. PROBLEM XL. 


At a place in the weflern ocean, ſome time in Fuly, the Sun's altitude was 
ob ſer ved to be 369 at 3 h. 51m. 495. P. M.; and was ſeen to ſet at 3 h. 35 n. 
245. P. A. Required 4 latitude of the place, and day of the month. 


2 
P 
Let m, c, v, n, be the Sun's places, at noon, CA 2 

at 3 h. 51 m. 49 ſ. at ſetting, and at midnight. & ＋7 4 | 
mr, ir, the fines of the altitudes at m, c; _ / 7 
nf the ſine of the midnight depreſſion. E > th 
Oc, ov, the fines of the times from 6 h, and cv., .. — 
their ſum. K HS 


3 NN e eee, 


E 
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Now cv: Q:: (cv: Vm: :) Ir: nr. Or Lr TN L, ir L, cv. 
And cv: go:: (cv: vn: :) r: . Or Lognf=L,cu+ LiF + Lv,gpv. 
Here och. 8 m. 118. , 329 2' 45” 2, 5 3059 * 
0v=5, Ih. 35m. 248. 2,23 5 1 00 — @ 5934933 
= 1, 40434, 609 , 33˙4 30“; 0rL, 1 21,3341“ +12. 


Then 1\,cv=0,93493 o, 2922. And P, cv, 93491 0, 02922 
1,1 = 369 00 9,7060922 LilF= 36% 9,6922 
L,Qv=1,4043 10,14746 Lev 1,33% 9,47 397 

x — 2 0,30103 
, nr 00 9.94590 * 
M Leaf 22" oo” 9.57344 

0 

Th en 1.225 242 the co-latitude. 

2 | 

And — 20 the declination, anſwering to July 23. [18g5.) 

190. PROBLEM XLVI. 


Some time in the month of May, at a place in the weſtern ocean, the day 
broke at 1 h. 45 m. 36s. A. M.; and at 8 b. 8 m. 115. A. MH. the Sun's 
altitude was obſerved to be 360 : Required the latitude and day of the month. 


Let m, c, r, n, be the Sun's places, at noon, at 8 h. 8 m. 11 8., at the 
beginning of 2 and at midnight. | 
mr, Ir, the fines of the altitudes at mc. 
FT, FK, the fines of the depreſſions at r, n. 
Oc, Os, the fines of the times from 6 h., and cs their ſum. 


Now cs: Qs :: (cr ra 2: ) IT nr. And mT—FT=mF. 
Alſo cs: c:: (r: ::) IT: IK. And Ix — IT =nf. 
Here 1F =5,36%00' , 58778 5 

FT=5,18 oo o, 30902 enn 

oc, 2h. 8m. 118. =5, 32 2* 45” =0,53059; and gc, 5306 

Oo, 4h. 14m. 248. =s, 63 36 00 S, 89571; and Q5=1,8957 


Then cs 9g,84579 |< - 9,84579 [rr rf o, the 7,62 0 
1T 9,95 269 fir 9,95269 [IX —1F * 1 $7455 the 1,22 00 
Qs 10,27777 | ge 10, 18486 Hence the lat. 48% N. | 


mT 10,07625 } 1K 9,98334 |} Decl.22%00'N.ganſwering to May 19th, 


mT=1,1919 | IK =0,962 37 | 
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191. PROBLEM XLVII. 
In the month of May, at ſome place in the weſtern ocean, the Sun's altitude 


at 6) A. M. was 14% 433"; and at 8 h. 8 m. 115. its altitude was 369 : Re. 
quired the latitude of the place and day of the month, 


| * 
Let m, c, N, „, be the Sun's places at noon, Q HB 7 
at 8 h. 8 m. 118., at 6 h., and at midnight. ; AC 7 5 
mr, IF, LF, the fines of the alts. at m, c, N, Li ISH 
nf the fine of the midnight depreſſion. 1 7 
oc the line of 2 h. 8m. 111. 3 I 


R 


Now oc: 0Q::(Nc:Nm::)1L:mLt. Then mL+LF=my. 
And oc: g:: (N: en:: IL: Ik. Then IX— Ir g . 


Hence L, mL L, oc rad. + L, iI. And L, IK L, oc 14g L, II. 


Here oc=5,2h. 8 m. 118. 30% 2' 45” go, g 3059; and eg=1,5306, 
1 =, 360 , 58778; and Ir , 14434 , 26418 ſo 1L e, 3336 


| oc=322 2' 45% its L's; Oy27524 oc=32*® 2 45 its 1½, 0,27524 
1L=0,3330 its 1. 9582323 11 , 3336 its 1. 9,52323 
Rad. 10, 0 ⸗ w«=1,53c6 its 1. 10, 18486 

m 0, 62874 9,7084 7 1IK=0,96234 998333 


Then mr o, 88 292 the line of 62® 00” the meridian altitude. 
And nf =0,37450 the fine of 22 oo the midnight depreſſion. 
Hence the latitude is 48 N. decl. 209N. on May 19th. (185.) 


192. PROBLEM XLVIII. 


At a place in the weſlern ocean, in the month of July, the Sun's altitude 
was found to be 469 at 2 49" 9 P. M.; and to be 369 high at 30 51" 495 
P. M. : Required the latitude of the place and day of the month. 


Let n, B, c, u, be the Sun's places at noon, at 2h. 49m. gf., at zh. 


51m. 491. and at midnight; and mr, HF, ir, the fines of the alts. at m, 


B, C. ob, Oc, the co-lines of the time from noon ; or the lines of the 
time to 6 o'clock. | 


And bc : bg :: (BC: Bu::) HI: HK. Then KKk—HF=FK=nf. 


Here ob=5,3h. 1om. 518. 2,479 42 45” =0,73978 25 | 
oc, zh. 8m. 118.4, 32 2 45 ey Hence hc, 20919. 
ur , 11934 1F=5,36%*=0,53773; 1 , 1315667 1,7398. 

Alſo Qc=(ver. line of 57 57“ 15 =) 2:4,4579 57 15 , 289 ,8' 37% 


« 


Then 


. 1 
N , 2 4 4. 8 | . * * 
* + cn; * F 7 2 n * x 
1 7 8 — 2 Be . 


Sn ect et OH SS te 
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* 1 —- 
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Then bc= 0, 20919 o, 67947 And beg o, 20919 6,6794 
Hi= 0, 13166 9.11912 ni , 13166 9.11912 
N Ne 37” 9,37050 by= 1,7398 10, 240 
FLIES: o, 30103 | | 5 
— HK= 1, 0942 10,03909 
m I=,29520 9,47012 | 


Then r =0,88298 the fine of 62® the mer. alt. 


Hence lat, = 48®N, decl. 
And o, 37486 the fine of 22 the mid. depr. F 20 on July 23. | 


193- PROBLEM XLIX. 


Being at ſea in the weſtern ocean, the Sun was obſerved to have 270 24/ of 


elticude when due M.; and to have 14 434 alt. at 6h. P. M.: Required 
the latitude of that place, and the Sun's declination. 


2 
Let c, N, be the Sun's places at W., and at 6 h. P 
oc, NY, the fines of their altitudes. Q 
Cc=0N, the arcs of declination, 
£.coc= 4Nnot=latitude. P 
In Aocc. As, oc: R: :, cc:, C. coc XR. 
$,0C n 


s,Nt 
InAotn. As 5,0N:R::5,Nt:s, NO - MR. 


5 
$,CC „, et ,t N 
Then 2 . —. And 5s, cc, oc x, xt. 


$,0C $,ON „Cc 
* . W. , * 
Or s, alt. W. xs, alt. at 6 =55,decl. Or= = KEE _—_ — 
And L's, alt, W.+L5,decl. = L, lat. 
oc 2) 24 its L,s 9,6629 5 
* t= 14 43; its Lys 9.40514 


Sum 19.6809 


Ce 200 oo” 


IE 9+ 53494 
oc = 27 24 its L 0,337'5 
£ Qoz= 48 oo 9.87109 
104. PROBLEM I. 


At a place in the weſtern ocean, the Sun at riſing was obſerved ts be 590 
e;' 40% from the true north paint of the horizon; and at 6h. A. M., the 
altitude was obſerved 14 4.33" Required the latitude and declination. 


Let v. and , be the places of the Sun at riſing and at ö h. A, M. 
Nt the ſine of the alt. at 6. on, vv are arcs of declination. 


ov, the aſcenſional diff, Nor lat.; vor co- latitude. 
ov, Sco- amplitude. 
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| : 4, ov X 5, VOU 
Now in A ovv. As R: „ov: :, vou: 4, vv: — 
. A . 8 R N, Nr 
in A Not, As , Not: R: :, Nt: 4, N — 
; voo „N & 5. Nt 
8 — ; and 3, vov , Not =—— X RR. 
R „ Not 4,0 v 


S. Nr 25,Nf 
That is,. , Not &, Nor; hence (25, Not X 5, Not=)s,2N0t. 
$,OV 7 


5 (IV. 189) 
Therefore Ls. ampl. + Ls, alt. at 6+L,2=Ls, double the latitude. 
If the latitude is leſs than 452; otherwiſe it is double the co-latitude, 


L's, ampl. 59 15/40“ 0, 29147 Rad R 10, ooooo 

Ls, alt. 6 14 43 30 9,405 14 „, ampl. 59 15/40“ 9, 7083 

3 5 o, 30103 4% lat. 7 69 9.82565 

LS, 849 027 9,997 04 | 8, decl. 20 oo 9453418 
Co-lat. is 42 01 | | 
195. . PROBLEM LI. 


Being at ſea in the weſflern ocean, ſome time in the night, the diflance of 
two ſtars when both were on the meridian, was obſerved to be 20% and 1 4 
after, the difference of their altitudes was 14* 35%, and the difference of 
their azimuths 302 94 : Required the latitude of the place. 


nl = 
N 


As the ſtars were on the meridian when firſt 
obſerved; their diſtance, difference of declina- 
tion, and difference of altitudes, at that time, 
are equal: If they are firſt at d, ö, and in the 
difference of time revolve to D, B; then is 
known r, Dz 8s, DB, and ZB—ZD. 

Let zB—zD=N; and find zB+zD=m. 


Now (IV. 239) ,2Bx5,2D x4,02B+8,2D = B. 

Or (IV. 181, 174) 2d. & 4, Mu &, zB + A, x, M, DB. 
Or „ZR XII, N- „ DzBN ISM +£3N T ZAM, DB. 

Or s, DEB TIX II, NT I- DEE NIA, M=, DB. 


ö ö d \ \ 
$ — 
Then „1 = DDI DEAN _\23,DB—v\,DZB NI, x 


1528 82 5, Z B ; 
0 ET , DZB Xin ) 25.DdB "25%IDzBX3,N » 
« — —  —— —___ — — — >>. 


b | (IV. 193. 197) 
Let 2L5,3DzB+Ls,DB=L,A; and 21, DB TA 2L',DzB +L?,N=L,B. 


Then $M=A—B. | 2L"5,FDZB 116952 21L\;,*Dz2B 1,16952 
Here pB=20%00/ Li',DB 9797299 21,2 9,9690 
£.D2zB=30 91 A=13,884 1, 14251 Li',N 9,98576 

ZE / Dd2B=1 45 B=13,331 | B==13,331 1,12488 


ZB—ZDANS14 35z | SM 0,553; and z3+2D=;6* 252, 


Then 


Then ſum + Adiff. 23 35" 202 ; and ſum 1 diff. D 20⁰ 55. 
Now , DB: 5,D2B : : ,7B :5,PD2; and , ZT B: % Db E!: % 2D: , f 429 1. 
Hence the latitude is 4 59 N. | 


196. PROBLEM LI. 
By ebſervations niude at a place in the weſtern ocean, it was found that the 


Sun's altitude was 269 8.; when his azimuth wai N. 1005“ E. and his. 


alt. was 46 f., when his azimuth was N. 114% 28' E. What was the 
latitude of the place and the Sun's declination ? 


Let a, B, be the Sun's places when obſerved. 
In the triangles Paz, PBZ, where PA=PB, | 
„Z X EAA, zA N „F KA, PA: 
By IV. 239. \ \ \ 
$,7ZP XA, zB —3, PZB N, P X, zB, pa. f 
Then?,PZzB x 9ZB X 5,2P——3,PZA N, Z A X e, z BX. z —„, z Ax „zr. 


4 — 5 — 9. 
Or „zB X, B- J, Pz AN „z AN, zg, zB, zA x5, z A , z p. 


„2 B —5„ 2 A 


\ \ 
, EB NI. ZB o $,PZAXSZA [S,ZP__ 5 
NR.. — — (527 (III. 33) t,ze =) „ RP: 
3 , 


the latitude. | 

Let 1, 283 + Ls, ZB = „A: And I, zA + LEA = 13s, Then 
a 

K fer. 


Here A = o, 14164 3 B = , 28770; , 28g. 19333 „24 , 68779. 


Then ez =,9005=1,429, Hence lat. is 48 N. decl. 20% N. 
0,14 


197. PROBLEM LI. 


Given two altitudes of the Sun and the time frem neon when thoſe abbinden 
were taken ; thence to find the latitude and teclination. 


ExaM. At B b. 8m. 115. A. M., the alt: was 36; and at 9 h. 10m, 
515. the alt. was 4603 at a place in the weſtern ocean, ſome time in May, 1763. 


Let B, A, be the Suti's places 
obſerved ; 
m, n, thoſe of noon and midnight 
Fe, Fd, Fm, FK, tepreſent the hnes 3 3 / 2 
of the diſtances of thoſe places from RH 
the hocizon HR, to the diameter d 4 — 
Qq; and de=Fd—Fe. FEEL > Jo 

On mn deſcribe the ſemicircle : 
mbn, repreſenting half the parallel Pt 
of dechnation, and let Aa, Bb, be- 
at right angles to mn Then will 11 
the angles Eb, mea, repreſent the : 
times from noon, at the obſerva- 1 
tions B, Ay and mz, ma, are as \ 
the verſed fines of thoſe times. 

And EMA = AB. | 
Then AB: dein: ne; and me rern, the fine of H u. 
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Alſo AB: de:: mn: mR; and Km—Fm=FKk, the ſine of Rn. 
Hence the latitude and declination are found. (185) 


Here aB = (ma inb S ns X 25, 


And dr=(5,24 alt,—z, rſt alt. .. 1275 


Book V. 


— 1,M X 25,0. 


LES * (IV. 18r 
2d iſt 0 
2 


„wN 2h v. 
(IV. 182) 


Now 1 Xmn=L,mK SLS, MIS, NL, WI, V, L, 2. 


AB 


And 1 X mB=Lyme=L,mK T 21,1 CMR. 


AB 


In this example, the mE b zh. 51 49257 577; its 18 28887 
mR h. 49 9=42 173+ 


1 145 
42 177 36 
100 14t;o* 73 =n|82[41%0'=w 
15 40| 7 co n iq 5 o=v 
$,36®*=re=0,58778 | 
me==0,29521 
rm=0,88299=629 of 19“ 
Km=1,25810 


FE=0O,375,11=22 1 51 


$648.00 


39 58 28 


L\s, M go” 7 ©,11498 
L\;,N 7 50 o, 86653 
L „% W. 41 0 9•57775 
L, 3 0 94030 
L 2 o. 30103 
Lx 1, 25783 10,09962 
21 ½ ub 289 583 9.37050 
L, me 0, 29521 9,4701: 


42 © 55“ the co-latitude, 


19 59 14 the decl. on May acth. 


198. The following is another ſolution, an different principles. 


In the triangles Bz, APZ, are given, 


(ſee the foregoing figure.) 


RZ, AZ; BPZ, APZ, hour angles; and PB=PA; 
To find ps, Pz; for whoſe * diff. put M and 1 
4, PB NI, E XI, BPZ TA. PB XS,PZ=S,BZ. 
.. % A As 
—— , N TZ, Mg, Bz. 
. Is N— „M XS, BZ +435,N ++ , 
| 74) 29, N — 48, MNS, AZ +38,N +£8,M=S, Az. 


Therefore (4s, x43 MIZ 2 — 5 ＋ 25 
: $,BPZ 5 S,APZ 


And (B, x I, =) „Bz —$,N—$5,M , 2 , Az -N II 


XS,APZ. 


Hence $,Bz x AP Z— „NT, Mx, APZ „AZ x, FZ NT 


* 1 ,BPZ» 


« 


Therefore 


„ ˙ - a: 2 
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Therefore $,Bz X S,APZ —},Az Kram T 7 = 2 * $5,0 + + Fm. 
Again Led 52 = „r 2— r „1% N i. 


: Er. 


| \ 
And 2 ; S,AZ = 


APES BPE 
145,pez —ů 
n= (2 "2BPZ ET AZ APE XIBZ + f1BZ = 
"2 . — 


— — 
1 — BPZ nz IT X »\,BZ 
„AP ZZ— „BPZ 
\ \ \ \ 
v. BPZ N, Az - v, AZ „Bz 
„APPZ — „BPZ 
2 FBPZ —— oFAPE * „Z 


7 1 „ , 
And „N 2 — AZ - v, ABZ x BZ =) 
ra- 
221572 * , Az — — — X „nz 
„AZ — „BPZ 8 


Hence IV.216 


Here pPz=57" 577 ite 1287 585/ APz=429 17, is F=219 85, 
Bz 543 Az = 44% ; J, BZ go, 53000; , Arzo, 53978, their 


difference =0,20918. 

yn 0, 30103 , 0.3010 
21%, 289 58 ˙ 9 85584 _ 289 584 — 
1 44 9.85693] Li, 44 9,85693 
L.A 1,10104 10, 418 L,a 0,33764 9,52846 
1 8 o. 30103 © 6 o, 30103 
2%, 219 83 9.93946 251 21 83 1 
„„ 9,769 2 1, 54 9.76922 
L. 8 1, 02260 10, 097 1 1,6 0, 15298 9.18463 
1. i 0,07844 8,89454| 1. o. 18466 9,266 37 
, Arz-, rz o, zogig 9, 32052 , A 72 —5, 32 o, 20918 , 32052 
Lu 112 11 9,5 7402 1 28 of 9.94585 
— — — — 


Hence the latitude is 48 oo” N ; declination 19 59, which anſwers 


to the 20th of May. 
S 3 


199. And 
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199. And hence is readily derived the inveſtigation of that method, 
publiſhed in the year 1759, and then uſed by fome for finding the true 
latitude at ſea, by knowing the latitude by account (or dead reckoning), 
the Sun's declination, two altitudes of the Sun, and the time betwe 
the obſervations. T hus. See the laſt figure. = 

Let M and & repreſent the half ſum and half diff. of the times from noon; 
w and v, the half ſum and half diff. of the two altitudes. | 
AB the diff. of the co- ſines of the times from noon, to the radius Em, 
AD the diff. of the fines of the altitudes, | 
{BAD repreſents the latitude z Em the cof, of the declination. 

Now (197 )s, M x 25, N A reduced to the rad. 3 C; and q, w x 2, 
AD. But in the triangle AEn. 


, lat.: R:: AD; AB=——XAD, to rad. Ex. 
$, lat, | 
I I I 
And s, decl.: R:: ABLABX —=—— „ NAD = AB reduc 
| $decl. $,decl. * lat. | ; ed 
to the radius 3 Qg. | 
1 I N 
Then 3, u x 2 N * It. X „% X 2, v. 


1 1 1 
nd 5, M = — x—  — ; 
__—_— 


Then M+NnN=/Z.meb, the time from noon at the leaſt altitude. 
And M—N=/mEa, the time from noon at the greateſt altitude. 
Hence the verſed {ines of the arcs mb or ma, are known to rad. 1 C. 
Now R: Em: : v, ma: MAZEMXV,ma; or mR EM x vb. 
And R: 5, mad: : mA: md (:: B: me.) 
Then FS Fd dm, or to te em, is the ſine of the mer. alt. 
Hence the two operations. | 
iſt. L's, decl. + L's, lat. + LS, NI, WT Ls,V=Ls,M, 
Hence the times are known ; viz. arcs ma, mb, 
24. 18, decl. + Ls, lat. + L, 2 + 2Ls,&ma=L,md, | 
Then by the merid, alt. and declination the latitude may be found. 
If this latitude and that aſſumed are the ſame, then the latitude by ac- 
count, or dead reckoning, may be taken as the true latitude. 
But if they differ, it is plain that the mA, the co-latitude, is leſs or 
greater than was aſſumed, 


200. PROBLEM LV. 


Given three deſcending (or aſcending) altitudes of the Sun, taken on the 


fame day at unequal known intervals of time ; thence to find thoſe times, t 


latitude of the place of obſervation, and the Sun's declination, Thus, ſuppoſe 
in Fuly, 1763, the altitudes were 54? 30%, 46, and 36%; and the intervals 


of time bom. 555. and dz m. 405. z required the reſt. 
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Let man be the parallel of de- 
clination deſcribed on m n, and 


| m .. 0 
3, ö, c, the places of the Sun 0. IP JD 
when obſerved; aa, 6B, and ce and >. 
the ſines of the times from noon 1 


to the radius E m; my n, the places F 
at noon and midnight; and let F, 

er, dr, mr, Fk, repreſent theſrx F 
fines of the diſtances of thoſe places 
from the horizon HR. Draw cg 
parallel to AC; then if the / gee, 
which is equal to the mE, the 
time from noon when the greateſt 
altitude was taken, could be found, 
the times from noon when the 
other two were taken would be 


known alſo. Now cb being one interval, and ba the other, bc and 
ba, the chords of theſe ares will be known, as alſo c a, which is the chord 
of their ſum. Draw b perpendicular to a c. Now in the right angled 
Ache, the C cgi the arcba (II. 120), and the fide cb =twice 
the ſine of 4 the arc bc, conſequently &: , co (=s are ba): : be (= 
2½ Farce hc): 6%; and R: „ h (5, are b): : (24,4 arc be):co. 
Now di, de, the diff, of the ſines of the altitudes, are known; and the 
lines fd, AC, ac, are cut proportionally in e, B and r; conſequently, 
df:de::(CA:CB::)co:m, and comcr=ro: In the triangle bor, 
(III. 46) r: 60%: : R:, Cr beg Arqg. Now Lac E (=compt. of 4 
whole interval @ c) Cre g AL geg HCE m=time from noon when 
greateſt altitude was obſerved; therefore the time is known, as well as 
cm the the verſed fine of that time from noon, 

Again R: S, acg: : c: cg Ac. 

And Ac: n:: Fd: am. Then rd dme rm, the ſine of Hm. 

And Ac: mn: : d: mk. Then km—Fm=Fx, the ſine of xn. 


This Problem has, at times, for near a century paſt, exerciſed the ta · 
lents of many ingenious perſons, as well in Ruſſia, Germany, Holland, 
and France, as in England ; perhaps, on account of its apparent uſe at 
ſea: And among the different ſolutions there ſeems none ſhorter or 
more intelligble, particularly to beginners, than that above; however, 
for the ſake of the more inquilitive, another ſolution, which has been 
commonly given is here ſubjoined, 


201. In the laſt figure, the three triangles cz, Bz, Apz, are thoſe 
concerned; in which the ſame two ſides ace common in each. 
„cz x, e * ve, vz „z J 
„PE x, c x, E T, c x, z „zB ö by IV. 239. 
„AEZ Ne K EzA, c, pz zA ö 


————————— — 

Then S, Z-, PE x, Ce X$,PZ= 6, zc -, zB) d. (II. 48) 
And S,CPZ—$S,APZ x, c X5,PL= (G. 20-5, zA g) v. TYP 
Hence D*, PZ - „BPZ dN, Zz - „Arz. (II. 142) 


Ihen Þ xXs,CÞPz—dX$,CPLDZD X5,8PZ—d XSAPZ 
3 3 
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Or, p, cz -d N, Ez (SN, cz) D, PZ—dx V, Arz. 
But, BPZ=ZCPZ+BPC, and APZ=CPZ-F APC. 
4 „rz * Er -, erz N, _— IV 
Conſequently, 15 APZ=S,CPZ XV, apc -, cz x, Apc. (IV. 216) 
— — * 

Hence BN. rang ere afe. 1 Cube; 

ubſtitu. 
cz. dx, c- Ne, XI,APC Y 


Or, D DNC AAN rz NK, Ar- DXs, ze x, 
cz. Wherefore, 


—— 
Do- DN, BPC n:4—d Xs, APC (= EEE 
„FCN, BP c. AN, APC OD X, BPC 


. P 4 Ly 
rn CPP —t, cpz, the meaſure of the time 
, Ape Xx 4 OS,BPCXD = „erz 


from noon when the greateſt altitude was obſerved. 
Here Fd gs, 5430 , 81412 


Fe 1, 46 co =071934 | Then df = 0,22633; de=06,09478. 


F was & 


rf =5,30 00 =0,58779 

The arc <>, or a om. 55 f=15 137; its 1 7 367. 
arc ab, or Z BPA, Ih. 2m. gof.=15 403 * 7 50, 
arc ca, Or C, 2 h. 3 m. 35 30 5353 its 4815 * 


Ta find the hour by the 1ſt method. To find the hour by the 2d method. 


Radius 90 oof 10,00000| o 2 * 9535474 
Is to 5, 2 ba 7 50 9.13447 „ 4 BPC 1 6* 133 9+41943 
As 5, 1 b 7 363 9912224|DXs,Brc 105945 2117 
To & 0b ,o1806 B.25671|1d(=g) 109478 8,97672 
Radius ge? os 10,00000|1»4.APC 30° 53F 9,7 1052 
. „ 44e 7 36 9,1324] RHAne 504867 8,687 24 
= - > - 9 

3 7 29393 pv (=f4) 122633 , 9135474 
To 4 co 513127 9.11817 / Bec 15 133% 8.84882 
As u 22633 4· c. 0.6456 D N, re ,00795 7.90026 
Is to de 199475 8,97672 4 (=4e) ,00478 8,97672 
So'is 4 ac (5,3) 15 266.9242847 Are 30 532/ 9.18198 
„11154 9:04745|{Xw,Arc 501345 8, 12870 
£ Fo IL : D Nu, Be oe 

$ 2370 501973 1.70480 dxv, arc -D, re, ogg 17, 74036 
Is to 4 bo 01806 8,25071 DXs,BPC—dX3,APC,oi078 8 $03262 
DO is Rad, 'go co 10.00000| rang 27% 12 
To f, rh 47 32 %9015t| Hence the b. fr. n.ofidod} is . ” 
Zack 74 331 h m Of the ſecond obſervation 2 49 4 
LgcE=LmE=27 1=1 48 4|Of the third obſervation -1 42 
Time of 2d obſervation 2 48 59 Conſequently from any two of theſe 
Time of 3d obſervation 3 51 39|with their correſponding — 
FE | * * — [the latitude and declination may be 

found by Problem 53. 


Here the altitudes are ſuppoſed to be deſcending qnes, or in the after= 
nbon. 


4 | 202. If 


i": : oO * r Fr. att he x 
„ 2 27s DO ITE. 
al Fans N 2 5 - 
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202. If the altitudes were taken at equal intervals of time; the two 
firſt proportions are uſeleſs: For ab and bc being equal, the point 9 
ſalls in the middle of the chord ca; and bo, the verſed fine, is known. 
Then df: de:: (CA:CB::)ca:cr; and c- cr re. 

And ho: re:: Rad.: tr e, Sacg; and act—acg=gce=cem. 

Hence the times from noon are known ; and alſo mc, the verſed fine of 
Em. | 
Again, in Aacg. R: cg: : ac: cg rA. 

And Ac: mcg: : Fd: dm. Then rd+dm=rm- 

Alſo Ac: n:: Fd: mx. Then km—Fm=FK. 


Here Ir , 81412; eF=0,71934; /r =0,58779; df=022633; de=9,09478. 

Alſo, arc che h. 1 m. 471 f. 159657; co=0,26636; a a 

Then : de:: ca: cr=0,22309; and ce , 04327. 

Andibe : ro: : Rad.: r, bo 50 81 —3 _ 74* 33'4—50* 83=24® 24% 
m 8$® 


Then 24% 243/= 1 37 39 from noon at firſt alt. 
And 24% 24% + 159 264 = 39 515 =2 39 26% from noon at 2d alt. 
Alſo 39 514 +15 267=55 18;=3 41 14 from noon at zd alt. 
Here the altitudes are ſuppoſed to be aſcending ones, or in the forenoon. 
Again, rad, : s,cag :: ac: AC=0,34142. 

And Ac: mc :: fd: dm=0,05927; then r , 87338, 609 51, 

Alſo ac : un: : d: mk=1,32581; then TK , 45243 , 26® 54. 

Hence the latitude is 46? 75 N. and the declin. 169 587'; or on May 7th. 


203. But the operations in this caſe may be much contracted. Thus, 
ſince (df: de:: ca:) FOE. mn thence v 0 0 — _ 2=) 


af af 


4% — 2 de x ο 


wx: 
3 WWW DXFco _ 
And (bo:ro::R:) (re Die 


where og F- 2 de. 


But x * Ju, ch ,b Ach x t, Ich. (IV. 193. 195) 
ö D | \ \ 
Thent,rb = or Lt, r bo=Lt,hc6+L,d4f+L,D. 


Alſo (R: , 6 g:; c:) Ac, acg x,) , acg * 25,c6, 


; 2 Y 3 mu x fd 24 WR: fd 
And (Ac: un :: fd:)mk=( Cn Soi inn 
; mc :: fd: md (EN ane) fd 
And (ae: ne: fd een 
X 55ImEc, ö 
Hence L'S,acg+L's,cb+1,fd =I, nk. 


And L$,acg+L's,cb+Lf d+2Ls,ImBc=Lymd. 


Here no. 22633; 24e=0,18955; and d=(df—2de=) 0,03678. 
Allo 3 ches 43 26% and Grit = 74% 333". if 19307 
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wt ar 26” 0,86764 D, aer = 50% og o, 19329 
15 =0,22033 . 645 20 b, e = 15 2675 0, 57462 
1, =0,03678 8,5658617 4208 9,3547 
,t,rb 1 oo | 10,07851|L mK, = 1,326502 10,1225; 
_ _ <A _ * Inke = 12 124; 8,64998 
utc 24 2443 half is 125 1275 [Lym d= 0,05923 3.77253 
— —— 


PROBLEM LV. 


204. Given the obliquity of the ecliptic, the latitude of a place, 
and the apparent time at that place. To find the longitude of the 
nonageſimal degree. 


CONSTRUCTION. 


The given time applied to the ſun's right aſcen- 
ſion, gives the right aſcenſion of the mid- heaven. 

Then let the primitive cirele repreſent the lolſti- 
tial colure, where p, p, repreſent the poles of the 
equator Y B, and ecliptic Vc, the center ꝙ be- 
ing their interſection. In the equator apply the 
right aſcenſion of the mid-heaven from ꝙ to B, 
and the circle PEB being deſcribed, is that meri- 


dian ; the interſection of which by a parallel of latitude deſcribed about 


, gives 2, the place of the zenith; through 2 deſcribe a circle of longi- 


tude pz c, and the point C 1s the nonageſimal degree, and ꝙ c its 
longitude. | 3 


ComPUuTATION, 


In the triangle 2. Given Þ the obliquity of the ecliptic. 
PZ the co-latitude, 
Z. Z Pp the right af. of the mid-heaven, 
Required 2 9 44 IV. 237, 238 
2 ; and 144. 


DETERMINATION. 


When the right aſcenſion of the mid- heaven falls in the firſt quadrant, 
its quantity in degrees, increaſed by go, gives the angle 2 Pp, and the 


acute angle P p 2 is the complement of the longitude of the nonageſimal 
degree. 


When in the ſecond quadrant, the ſaid right aſcenſion in degrees 


taken from 270, leaves the angle z Pp; and the acute angle p pz, in- 


creaſed by go degrees, is the longitude of the nonageſimal degree. 
When the ſaid right aſcenſion falls in the third quadrant, its degrees, 


taken from 270, leaves the angle x y p, and the angle Pp z, increaſed 
by go degrees, is the longitude ſought, 


When 
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When in the fourth quadrant, the faid right aſcenſion in degrees, leſ. 
ſened by 270, leaves the angle z Pp; and the ſupplement of the angle, 
pþz, ſo long as it continues to be obtuſe, being added to three right 
angles, or 270 degrees, gives the longitude of the nonageſimal degree; 
but after it becomes acute, its complement is the longitude required. 

Note. In theſe determinations the latitude of the place is ſuppoſed to 
be north, and leſs than the diſtance of the tropic from the neareſt pole. 


EXAMPLE. At Greenwich, in latitude 519 283“ N. the obliguity of the 
ecliptic being 239 28' : What is the longitude of the nonageſimal degree on the 
14th of May Ts at 1h. 24 m. 24s. P. M. at _ 40 m. 2. P. M. at 
13h. 22m. 26 / P. M. and at 15h. 38 m. 4 ,. P. M.? 


The ſeveral right aſcenſions of the mĩd- heaven are thus found ; 


h m sh m + 
13 22 26|t5 38 4 


3 34]_3 29 56 
16 52 oltg 8 
253 00 287 oo 
270 Oo 270 oo 
17 oo | 17 0 


1780, May 14th, at 
The Sun's right aſcen. 
Right aſc. mid. hea. in time 


Right aſc. mid. hea, in degrees 


The angle 2 r p, or zPP 


The two following operations are wrought by IV. 237 and 238. 


P 7 38 31% 
p þ 23 28 
Sum 61 593, half is 30» 593” Ar, co. s. 0,28823 Ar, co. . 0,06691 
Diff. 15 324, halfis 7 315 5. 9,11729 . 9.99624 
4 ze 163 oo, balf is 81 30 . 9. 174 50 b. 9, 174 c 
Half diff. s E and 9 2 105 t. 8,58002 
Half ſum Y 487 — — —. 93765 
The angle þ 11 $59 
90 Oo 
The difference 78 o1 is the long nonag. in 1ſt quad. 
The ſum Iot 59 is the long nonag. in zd quad. 
Som 61 po, half 30e 593“ Ar. co. s. 0,28823 Ar. co. ,. 0,066g1 
Dif, 18 3%, half 7 317 3. 9,11729 Ne 9.99624 
4 zrfþ 17 Oo, balf 8 39 . 10,82550 7. 10,82550 
Half diff. 4s z and þ 59 34 t. 10,23102 | 
Half ſum 82 33 — ——.. 10, 88 865 
The angle at 5 142 12, its ſupplement is 379? 48 
go oo 270 O0 


Long, nonag. in 3d qd, 232 1 2 Long. nonag. in 4th qd. 307 48 


The altitude of the nonageſimal being equal to 2 p, the diſtance 
of the zenith from the pole of the ecliptic, it is found by the fines of 
oppoſite ſides and angles in the ſpheric triangle Z P: that is, fin. long. 


nonag. ; coſ. lat. ;; fin, 4, 2 Pp; fitt alt. nonageſimal. mw. 
| SECTION 
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SECTION VII. 
Of Practical Aſtronomy. 


205. DESCRIPTION and UsE of ASTRONOMICAL INSTRUMENTS, 


By PRACTICAL ASTRONOMY is meant the knowlege of obſerving 
the ccleſlial bodies with reſpect to their poſition, and time of the year; 
and of deducing, from thoſe obſervations, certain concluſions uſeful in 
calculating the time, when any propoſed poſition of thoſe bodies ſhall 
happen. 

For this purpoſe the Aſtronomer, or Obſerver, ſhould have an ob- 
fervatory properly furniſhed. 

An OBSERVATORY 1s a room, or place, conveniently ſituated, con- 
trived, and furniſhed with proper aſtronomical inſtruments for obſery- 
ing the motions of the heavenly bodies : it ſhould have an uninterrupt- 
ed view, from the zenith, down to (or even below) the horizon, at 
leaſt towards its cardinal points; and for this purpoſe that part of the 
roof which lies in the direction of the meridian, in particular, ſhould 
have moveable covers, which may be eaſily removed and put on again; 
by which means an inſtrument may be directed to any point of the hea- 
vens between the horizon and zenith, as well to the northward as ſouth- 
ward, 

The furniture ſhould confiſt of ſome, if not all, of the following in- 
ſtruments. | . 

iſt. A PExDULUM CLock for ſhewing equal time. 

2d. An Achromatic REFRACTING T ELEsCoPE, or a REFLECTING 
Ox E, of two feet at leaſt in length, for obſerving particular phenomena, 

3d. A MicxoMETER for meaſuring ſmall angular diſtances. 

4th. An ASTRONOMICAL QUADRANT for obſerving meridian al- 
titudes of the celeſtial bodies. | 

sth. A TRANSIT INSTRUMENT for obſerving objects as they paſs 
over the meridian. 

6th. An EQUATORIAL SECTOR to obſerve angular diſtances of 
ſeveral degrees, and the differences of right aſcenſion and declination. 

7th. An EovAL ALTITUDE INSTRUMENT for finding when an ob- 
ject has the ſame altitude on both ſides of the meridian. 

It is not intended to give in this work any other than a general ac- 
count of thefe inftraments, moſt of which wh met with conſiderable 
improvements (if they were not contrived) by the late Mr. George Gra- 
ham, F. R. S. one of the moſt eminent artiſts in mechanical contrivances 


that this, or any other nation has produced: thofe readers who are 


curious to ſee a minute deſcription of ſuch, and other, inſtruments, to- 
gether with their uſe fully exemplified, may conſult the ſecond volume 
of Dr. Smith's complete Treatiſe of Optics, Stone's Treatiſe of Mathe- 
matical Inſtruments, the Philoſophical Tranſactions, and the works of 
many writers who have treated on lch ſubjects. | 


205. Of 


* 
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206. Of the Pendulum Clock. 


A clock which ſhews time in hours, minutes, and ſeconds, ſhould 
be choſen; with which the obſerver, by hearing the beats of the pen; 
dulum, may count them by his ear, while his eye is employed on the 
motion of the celeſtial object he is obſerving. | 

Juſt before the object arrives at the poſition defired, the Obſerver 
ſhould look on the clock and remark the time; ſuppoſe it 9 15® 255; 
then ſaying 25, 26, 27, 28, &c. teſponſive to the beats of the pendu- 
lum, till he ſees through the inſtrument the object arrived at the 
ſition expected, which ſuppoſe to — when he ſays 38; he then 
writes down 9g? 15” 38* for the time of obſervation, annexing the year 
and day of the month. 

If two perſons are concerned in making the obſervation, one may 
read the time audibly, while the other obſerves through the inſtrument, 
the Obſerver repeating the laſt ſecond read, when the deſired poſition 


happens. 
20). O the Teleſcope. 

The REFRACTING TELESCOPE is an inſtrument with which almoſt 
every perſon is acquainted, eſp-cially the marine gentlemen; it will 
therefore be ſufficient to remark here, that an a/tronomacal teleſcope has 
only two convex glaſſes ; viz. the eye · glaſs, or that which is uſed next 
to the eye; and one at the other end, uſually called the objeCt-glaſs, 
which has much the longer focal diſtance : ſuch an inſtrument, although 
it inverts all objects, is yet as uſeful for viewing thoſe in the heavens, as 
if it ſhewed them ere; the Obſerver knowing that the motions are in 
an oppoſite direction to thoſe he ſees through this teleſcope : But the 
Achromatic Refracting Teleſcope, which has been lately invented by Mr. 
Dollond, has its object-glaſs compounded of three glaſſes, and combined 
with two eye-glaſſes placed near each other. This inſtrument, which 
ſhews objects in their true poſition, need not exceed three feet and a 
half in length. | | | - | 

The REFLECTING TELESCOPE, as is generally well known, ſhews 
objects in their true poſitions; and as it is much ſhorter than the old re- 
fraCter,, it is therefore in much greater eſteem by ſome. 

A teleſcope, uſed in aſtronomical obſervations, , ſhould have a metal 
ſrame fixed in the focus of its objeCt-glaſs, carrying fine fiiver wires 
ilretched at right angles to one another ; one of them is to be vertical, 
and the other horizontal; the interſection of thoſe wires ought to be 
exactly in the middle of the focus of the objeCt-glaſs; a line paſſing 
through this interſection and the center of the object-glaſs, is called the 
line of fight, or line of collimarion, . 


208. Of the Micrometer. 


A MicRoOMETER is an inſtrument uſed to meaſure ſmall angular di- 
ſtances by being placed in the focus of a teleſcope. I his is effected by 
turuing a ſcrew, which moves a fine wire in a poſition parallel to itſelf, and 
allo parallel to a fixed wire; both being in a plane at right angles to the 
line of collimation: the diſtance of — parallel wires is meaſured by the 
number of turns the ſcrew has taken to cauſe their receſs; which number 
of turns is ſhewn on a graduated circular plate (like that of a clock) by an 

index, 


* 
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index, or hand, which revolves by the turning of the ſcrew : now the 
diviſions on the plate, anſwering to a known angle or arc ittercepted 
between the parallel wires, being known by experiment, any other di. 
ſtance, to which the wires can recede, may be known by proportion 
and ſo a table of angles anſwering to every diviſion on the circular plate 
may be formed, by which the obſerved angles will be readily known. 

Thus in obſerving the diameter of a planet; when the wires are re- 
moved ſo far aſunder, as to become parallel tangents at the ſame time to 
oppoſite points of the planet, the meaſure of the receſs of the wires will 
ſhew the diameter of the planet in minutes and ſeconds. 

There is another micrometer publiſhed by the late very ingenious 
Mr. Dollond “, an account of which was given to the Royal Society b 
Mr., James Short, F. R. S. and publiſhed in the Philoſophical Tan. 
actions for the year 1753, which is thus. 

Let a good circular objeCt-glaſs be neatly cut into two ſemicircles; 
and each ſemicircle fitted in a metal frame, ſo that their diameters ſliding 
on one another (by the means of a ſcrew,) may have their centers fo 
brought together as to appear like one glaſs, and ſo form one image; 
or by their centers receding may form two images of the fame object: 
it being a property of ſuch glaſſes, for any ſegment, to exhibir a perfect 
image of an object, although not ſo bright as the whole glaſs would 

ive it. - 
n Now proper ſcales being fitted to this inſtrument, to ſhew how far 
the centers recede, relative to the focal length of the glaſs, will alfo 
ſhew how far the two parts of the ſame object are aſunder, relative to 
its diſtance from the object-glaſs; and conſequently give the angle 
under which the diſtance of the parts of that object are ſeen. 


209. Of the Aſtronomical Quadrant. 


An ASTRONOMICAL QUADRANT is an inſtrument in the form of a 
quarter of a circle, contained under two radit at right angles to one 
another, and an arch equal to one fourth part of the circumference of 
the circle, and conſiſts of the following parts. 

1ſt. Its frame. This is utually compoſed of iron or braſs bars, ſet at 
right angles to one another in as ſtrong and neat a manner as a work- 
man can contrive, to preſerve the face of the inſtrument in the ſame 
plane, and be as little affected by heat and cold as is poſſible. 

24. Its center. The center, which is a very fine point, ſhould be con- 
tained in a ſeparate piece of work ſcrewed to the bars; and ſo contrived, 
that if the index, or teleſcope, by frequent motion in a length of time, 
ſhould become irregular in its rotation, by the parts wearing, a new 
collar and ſocket may be fitted to the firſt center, and the inftrument 
reſtored to its original accuracy. | 


—— 


Ihe firſt notion of ſuch a micrometer was given by Roemer, a Dane, 
in the year 1676: Mr. Savery, an Engliſhman, alſo thought of ſuch a 
contrivance, which he communicated to the Royal Society in the year 1743 
Mr. Bouguer,a Frenchman, alſo propoſed it in the year 1748; and Mr. Dolond, 
an Engliſhman, publiſhed it in the year 1753: but the public are obliged to 
Mr. Short for putting the theory into execution, otherwiſe it might ſti] have 
continued only aan 1ogenzous thought, 


2d. It 
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zd. Its limb. This is a braſs arch of about two inches broad, well 
fixed to the ſaid frame work, and generally continued a little farther at 
each end than the extent of go degrees; the two perpendicular radii 
may be alſo covered with plates of brafs ſcrewed to them; and the 
whole face of the inſtrument is to be worked ſmooth, and brought 
into the ſame plane with the greateſt care. Fade bo. 

4th. Its diviſions. The arcs of 60, 30, and go degrees, and alſo the 
intermediate degrees, together with ſuch ſubdiviſions as the ſize of the 
degrees will conveniently contain, are laid down by accurate methods 
well known to good workmen. | | | 

5th. Its index or teleſcope. This, which is uſually a braſs tube con- 
taining the proper glaſſes and croſs wires, is fixed near the object end 
to a braſs plate, a little above a circular hole, or ſocket, in the plate: 
this ſocket goes round a collar concentric to the center, and fixed to the 
center-piece : ſo that, although the axis of the teleſcope does not, as a 
radius, paſs through the center, yet it always keeps at the ſame diſtance 
from it in every poſition : to the eye-end of the tube is ſcrewed a flat 
plate, which flides along the limb with the teleſcope ; this plate, called 
the VERNIER, contains certain diviſions, which ufed with thoſe on the 
limb, give the angle to minutes or ſeconds of a degree, according to the 
ſize of the inſtrument: the beginning of the diviſions called the index, on 
the Vernier, is as far diſtaat from the axis, or line of collimation, as 
the center is; and therefore the poſition of an object is given as truly, 
as if the line of callimation coincided with a radius. | 

6th. Its pedeſtal. This part, which ſhould, by its conſtruction, be 
very ſteady, may be either moveable or fixed: the moveable pedeſtal is 
commonly a ſtrong pillar ſtanding. on a tripod, or three-footed ſtand . 
with holes through each foot, either to ſcrew them to a floor, or to pin 
them to the ground: the fixed pedeſtal may be either a ſtrong. timber 
frame, or the wall of the obſervatory, or a ſtone ſhaft built from the 
ground through the middle of the floor of the obſervatory. On the top 
of the pillar, of either ſort of pedeſtal, may be ſtred a piece of machi- 
nery called the arm, which is attached by fcrews to the middle of the 
plane of the quadrant, on the under fide. The arm is contrived to give 
to the infttument, either an horizontal, vertical, or oblique. motion; 
which motions ſhould be ſteady and free from jerks, or ſhakes : but 
when a wall, or ſtone ſhaft, is uſed as the ſupporter, the quadrant is 
then fixed to the wall, or ſhaft (without its arm attached, ) and is called 
a MURAL: ARCH its plane is adjuſted to that of the meridian, and this 
is the beſt method of fixing the quadrant ſor taking the meridian alti- 
tude of the ſtars, or planets. | 12181 2 

7th. Its plummet. This is a ſufficient ball, or weight, hanging to 
one end of a very fine ſilver wire, the upper end being fixed in the ra- 
dius continued above the center. Now when the face of the quadrant 
is ſet in the plane of an azimuth circle, one of its radit is brought 
into a vertical poſition by the help of the plummet, the wire being 
made to biſeC the center-point and the diviſion of 90? on the arch; and 
to diſtinguiſh. thefe biſeQtions with aceuracy, they are to be examined 
with a ſmall proſpect, or magnifying-glaſs: the ball ſhould hang 
freely in a veſſel of water to check its vibra. ions. 

210. Of 
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210. Of the tranſit Inſtrument. 


This inſtrument conſiſts of a teleſcope fixed at right angles to an ho- 
rizontal axis, which axis muſt be ſo ſupported, that the line of collima- 
tion of the teleſcope may move in the plane of the meridian. 

The axis, to the middle of which the teleſcope is fixed, ſhould gra- 
dually taper towards its ends, and terminate in cylinders well turned 
and ſmoothed : and a proper balance is to be put on the tube, fo that 
it may ſtand at any elevation when its axis reſts on the ſupporters. 

Two upright poſts of wood or ſtone, firmly fixed at a proper di- 
ſtance, are to ſuſtain the ſupporters of this inſtrument : theſe ſupporters 
are two thick braſs plates, baving well ſmoothed angular notches in 
their upper ends to receive the cylindrical arms of the axis : each of 
the notched plates are contrived to be moveable by a ſcrew, which ſlides 
them upon the ſurfaces of two other plates immovably fixed to the two 
upright poſts; one plate moving in a vertical, and the other in an ho- 
rizontal, direCtion, to adjuſt the teleſcope to the planes of the horizon 
and meridian : to the plane of the horizon, by a ſpirit level hung in a 

rallel poſition to the axis, and to the plane of the meridian in the fol- 
owing manner. 

Obſerve the times by the clock when a circumpolar ſtar, ſeen through 
this inſtrument, tranſits both above and below the pole: and if the 
times of deſcribing the eaſtern and weſtern parts of its circuit are equal, 
the teleſcope is then in the plane of the meridian ; otherwiſe, the 
notched plates muſt be gently moved till the time of the ſtar's revolu- 
tion is biſeQted by both the upper and lower tranſits, taking care at the 
ſame time that the axis remains perfectly horizontal. g 

When the teleſcope is thus adjuſted, a mark muſt be ſet at a conſi- 
derable diſtance (the greater the better) in the horizontal direction of 
the interſection of the croſs- wires, and in a place where it can be illumi- 
nated in the night-time by a lanthorn hanging near it; which mark 
being on a fixed object, will ſerve at all times afterwards to examine the 
poſition of the teleſcope by, the axis of the inſtrument being firſt ad- 
juſted by means of the level. | 


211. To adjuſt the Clock by the Sun's tranſit over the Meridian. 


Note the times by the clock, when the preceding and following 
edges of the ſun's limb touch the croſs wires : the difference between 
the middle time and 12 hours, ſhews how much the mean, or time by 
the clock, is faſter or ſlower than the apparent, or ſolar time for that 
day ; to which the equation of time being applied, will ſhew the time of 
mean noon for that day, by which the clock may be adjuſted, 


212. Of the Equatorial Sector. 


This is an inſtrument contrived for finding the difference in right aſ- 
cenſion and declination between two objects, the diſtance of which is too 
< great 
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great to be obſerved by means of a micrometer. It conſiſts of the fol- 
lowing particulars, 

iſt. A braſs plate called a ſector, formed like a T, having the ſhank 
{as a radius) of about 24 feet long, and 2 inches broad, and the croſs 
piece (as an arch) of about 6 inches long and 14 inch broad; upon which 
with a radius of 30 inches, is deſcribed an arch of 10 degrees, each 
being ſubdivided into as ſmall parts as are convenient, 

2d. Round a ſmall cylinder, containing the center of this arch, and 
fixed in the ſhank, moves a plate of braſs, to which is fixed a teleſcope, 
having its line of collimation parallel to the plane of the ſector, and 
paſſing through the center of the arch and the index of a Vernier's divid- 
ing plate, which flides on the arch, and is fixed to the eye end of the 
teleſcope. This plate with the teleſcope and Vernier are moved on the 
cylinder, by means of along ſcrew which is at the back of the arch, and 
communicates with the Vernier through a flit cut in the braſs work, 
parallel to the divided arch. | 

zd. A circular braſs plate of x5 inches diameter, round the center, of 
which there moves a braſs croſs, which has the oppoſite ends of one bar 
turned up perpendicularly about 3 inches. Theſe ſerve as ſupporters to 
the ſector, and are ſcrewed to the back of its radius, fo that the plane 
of the ſector is parallel to the plane of the circular plate, and revolves 
round the center of that plate in this parallel poſition. 

4th. A flat axis of 18 inches long is ſcrewed to the back of the cir- 
cular plate, along one of its diameters ; ſo that the axis is parallel to the 
plane of the ſector: the whole inſtrument is ſupported on a proper pe- 
deſtal, in ſuch a manner that the faid axis is parallel to the axis of the 
earth; and proper contrivances are annexed for fixing it in that poſition. 

Now the inſtrument, thus ſupported, can revolve round its axis, pa- 
rallel to the earth's axis, with a motion like that of the ſtars ; the plane 
of the ſector being always parallel to the plane of ſome hour circle, and 
conſequently every point of the teleſcope deſcribes a parallel of declina- 
tion: and if the ſector be turned round the joint of the circular plate, its 
graduated arch may be brought parallel to an hour circle; and conſe- 
quently any two ſtars, between which the difference of declination is not 
greater than the number of degrees in that arch, may be obſerved by the 
inſtrument. 

213. To obſerve their paſſage. Direct the teleſcope to the preceding 
{tar, and fix the plane of the ſector a little to the weſtward of it; move 
the teleſcope by the ſcrew, and obſerve the time ſhewn by the clock at 
the tranſit of each ſtar over the croſs wires, and alſo the diviſion ſhewa 
by the index; then is the difference of the arches the difference of de- 


clination ; and that of the times ſhews the difference of right aſcenſion 
of thoſe ſtars. 


214. Of the Equal- Altitude Inſlrument. 


An EqQuaL-ALTITUDE INSTRUMENT is that uſed to obſerve a celeſtial 
object, when it has the ſame altitude on both the eaſt and weſt ſides of 
the meridian, or in the morning and afternoon ; and conſiſts of a tele» 
ſcope of about 30 inches long (with two vertical, and 3 or 5 horizontal, 
wires in its ſocus,) ſupported on the end of an iron bar, or axis, of 30 
inches long, aud about an inch in diameter. The axis is ſuſtained 

T in 
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in a vertical poſition by paſſing through a hole in the upper end of a braſs 
box, whillt iis lower end ſupports the lower point of the axis. The box, 
which is about 21 inches long, with ends about 4 inches ſquare, has 
only two ſides, which are fixed at right angles to each other. To one 
of theſe ſides are fixed four flat arms, with a hole in each, by which the 
box is fixed in a vertical poſition to an upright poſt with ſcrews. On 
the lower end of the box lies a braſs plate which ſlides in grooves, and 
can be moved gently backwards or forwards by means of a ſcrew. In 
this plate a fine hole is punched to receive the ſmooth conical point, 
which the lower end of the axis 1s formed into. On the upper end of 
the box are two plates which ſlide alſo in grooves; and, by the means of 
ſcrews'can be moved gently ſideways, till their angular notches embrace 
the axis; which, in this part, is made perfectly cylindrical, and very 
ſmooth. i 

To the upper part of the axis is fixed, by its radius, a braſs-ſextant 
(or arch of 50?, to a radius of ſeven or eight inches,) with the arch 
downwards, ſo that the center is juſt above the top of the axis: alſo a 
{pirit level is fixed at right A axis, juſt under the arch, ſo 
as to be clear of the upper end of the box. 

To the under part of the teleſcope is fixed a braſs ſemicircle, of the 
ſame radius with the ſextant, both arches having a common center-pin, 
In the ſemicircle is a groove eut through the plate parallel to its limb, to 
receive two ſcrew-pins, which go into the ſextantal arch near its ends 
by theſe ſcrew-pins the two arches may be preſſed cloſe, and the tele- 
icope fixed in any deſired elevation ; which might be nearly aſcertained, 
by graduating the ſemicircle, and putting a Vernier's ſcale on the 
ſextant. 

To uſe the Inflrument. Fix the box to the poſt, put the axis into the 
box, letting the conical point drop into the punched hole, ſcrew on 
the level, and annex the teleſcope, obſerving to inſert the center and 
arch pins; then, by the heip of the ſcrew plates at the bottom and 
top ends of the box, correct the vertical poſition of the axis, ſo that 
the ſame end of the air-bubble in the level may ſtand at the ſame point 
throughout the whole revolution of the axis, which will thereby be 
known to be then truly vertical, fo that the teleſcope will deſcribe a pa- 
rallel of altitude: dire the tube to the ſan, or ſtar, and fix it at the 
deſired elevation by preſſing tac two arches together with the two ſcrew 
pins. 


Some inſtruments have been contrived to anſwer both kinds of ob- 


ſervation ; viz. either a tranſit, or equal altitudes. 


215. To adjuſt the Clock by equa! allitudes of the Sun. 


Having reCtified the inſtrument by the level, and being provided with 
a piece of tranſparently coloured or ſmoked glaſs to preſerve the eye; then 
at any convenient time from about 6 to 3 hours before noon, direct the 
teleſcope to the ſun, and fix it by the arch, ſo that the whole body of the 
ſun ſhall be above the upper wire (the aſcent of the ſun appearing through 
the teleſcope as a defcent :) mark the times ſhewn by the clock, when 
the preceding edge of the ſun touches each of the wires; and alſo when 


the 
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the following edge touches thoſe wires, writing down thoſe times; the 
inſtrument being turned horizontally on its axis to follow the Sun, and 
keep his center in the middle of the teleſcope between the vertical wires. 
About the ſame time after noon (taking care to be early enough), turn 
the inſtrument on its vertical axis, the teleſcope remaining fixed at the 
ſame elevation as in the morning, and —_— its horizontal fitu- 
ation by the level, obſerve the Sun in its deſcent, which through the 
teleſcope apparently aſcends, and write down the times, when the pre- 
ceding edge touches each wire, and alſo when they are touched by the 
following edge, keeping the Sun in the middle of the teleſcope ; and the 
{ets of obſervations are made. | | 

There are as many fects of obſervations, as there are horizontal wires: 
for the fore and afternoon contracts of the ſame edge of the Sun with 
the ſame wire, make one ſet; and the ſame edge which precedes in the 
ſorenoon, follows in the afternoon ; and that which follows in the fore- 
noon, precedes in the afternoon ; therefore the 


iſt, laſt. 

2d, A. M. preceding, and the = but one, Ge M. following, 
2d, &c. laſt but 2, &c. 

make a ſet. 

Iſt, | laſt, 

2d, Ya M. following, and te? laſt but one, p. M. preceding, 
3d, Ke. laſt but 2, &c. * 
make a fet. * 


- 


Then to each ſet, or pair of obſervations, find the middle time, 
which added to the time of the morning obſervation, gives the time 
ſhewn by the clock when the Sun was on the meridian, if the ob- 
ſervations were made within two or three days of the ſolſlice, when 
the Sun's declination would not ſenſibly alter between the fore and 
afternoon obſervations: but on other days, this time muſt be corrected, 
by applying an <quation to it, ſhewing the alteration in time, ariſing 
from the alteration in declination between the fare and afternoon ob- 
ſervations. . | 

The time, by the clock, of the ſolar or apparent noon been thus ob- 
tained, the time of the mean noon may be bad by applying the. proper 
equation of time. 1 | 5 

When the time of noon is ſought from two or more pairs of obſer- 
vations, if they give different times, it is beſt to take the medium be. 
tween them, which is found by dividing the ſum of all the times by 
their number. P 


216. PROBLEM LY. 


Given the latitude, the declination of the Sun, and interval of time between 
the Suns having equal eliitudes before and after noon, to find the dijlance 
from noon of the middle point of time between the obſervations. 


iſt. Find the change made in the Sun's declination during che " 
terral between the obſerrations; which will nearly bear the fame pro- 
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portion to the change made between the noon of the day, on which 
the obſervations are made, and the noon of the day immediately pre- 
ceding or following, as the interval of time between the obſervations to 
24 hours. | 

2dly. Add the co-tangent of the latitude to the co-fine of half the 
interval of time reduced to degrees and minutes of the equator, the 
ſum, rejecting the radius, is the tangent of an are to be taken leſs than 
a quadrant, when the interval of time is leſs than twelve hours, and 
greater than a quadrant, ſhould the interval of time exceed twelve hours, 

3dly. Add together the arithmetical complements of the fine of this 
arc, and of the fine of the Sun's diſtance from the pole at noon, the lo- 

rithmic fine of the difference of theſe arcs, the logarithmic co-tangent 
of half the interval of time in degrees, and the logarithm of half the 
change in the Sun's declination during the interval between the obſerva- 
tions; the ſum, rejeCting twice the radius, is the logarithm of an arc, 
which divided by 15 gives the diſtance of the middle point between the 
obſervations from noon in ſeconds of time. 
Athly. When the Sun's diſtance from the elevated pole increaſes, this 
middle point of time precedes noon, otherwiſe it falls beyond. 


DEMONSTRATION, 


Let v be the pole of the equator hd, 2 the 
zenith, A the morning place, c the after- 
noon place, ABD a parallel of declination, 
ABC a parallel of altitude. 

Then the afternoon hour angle, zyc, : 
differs from the morning hour angle, zpa, (4 
by the hour angle zyc, the points A and 
B having the ſame declination and diſtance from the zenith; and the arc 
p biſecting the /BÞc, the / zPo will be half the interval of time, 
which being increaſed or diminiſhed by half the nc, will give the 
poſition of the meridian to A or c; alſo Po will be the Sun's diſtance 
from the pole at noon. : 

Now here the difference between eB, Pe, pc being but ſmall, the 
Leo will be to the difference between Po and pz, or Pc, that is, half 
PB pc, nearly as , Poz to , po“. 

Again, in the triangle oz. an are u being taken, that as rad.: d, 5 0 
t, pz: t, u the arc M to be leſs than a quadrant, when the CP 
i acute, but greater, ſhould the C2 Po be obtuſe; then (IV. 123) 


3, OM: „M: :, ez: z Pe, and conſequently 
S PS MN, Z Po, Mx, pez. 


PB PC 
But RE o: :: f. ez: %% =: , MN, oz : , M & 0; 
2 


— , MXxtf,: : 5, MN, re, conform- 
[ 


ably to the rule above laid down. 


* 


® See Cor lima. Error. in Miæt. Math, Theorem 23. 


a — 
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217. ExXAMPLE. | 


In the latitude 50 N. on the 27th of October, 1780, the Sun was 
obſerved to have equal altitudes at 9h. 11 m. 5of. A. M. and at 2 h. 
22m. 22f. P. M. by a clock adjuſted nearly to the true meaſure of time, 
to find what correction may be wanted to ſet this clock to the true hour 
of the day, the Sun's diſtance from the pole on the 27th day at noon 
being 1039 6' 34”, and on the 28th 103” 267 38”. 

Here the interval of time is 5h. 10 m. 32ſ. its half is 2h. 35m. 16ſ. 
in degrees and minutes of the equator 38949, and the difference in de- 
clinatzon in one day is 20” 4”. 

hen 24h. : 5h. 10 m. 32 f.:: 200 4“: 4 20” =260", the alteration 
in declination, the half of which is 2 10/=130". 

Then | 
Latitude 508 log. 2,9, 02 381 33 3 Bats o, 26185 
time 38 49“ log. 5, 9,89162 103 06 34 1, o. 01147 

— — 59 56 Oo log. , 9.97280 

33 v0“ 32“ log. t, 9.81543] 38 49 Jog. 1. 10, 9447 

130” log. 2,11394 

corr, = 285” log. 2445453 
or 19 ſec. of time — 

Hence, for ſetting the clock to the true hour of the day, add the half 
interval of time 2h. 35 m. 16 f. to 9h. 11 m. 50 f., the ſum 11 b. 47m. 
61. is the middle time between the obſervations, as noted by the clock. 

And 11h. 47m. 6. + 19 f. = 11 h. 47 m, 25 f. will be the time 
pointed out by the clock, when the Sun paſſes the meridian, and ſhe we 
the clock to be 12 m. 35 ſ. behind the Sun. 

Though the clock ſhould not keep time with perfect exactneſs, yet if 
the deviation is but ſmall, the correction computed will not differ much 
from the truth; and the clock being examined again within a few days, 
will ſhew whether it keeps time truly, or moves too faſt or too ſlow, and 
its cate of going may be corrected accordingly. | | 


218. The method here directed ſuppoſes the ſhip to be ſtationary : 
But the Abbe de la Caille propoſes a method of correcting a watch at 
ſea, even while the ſhip is in motion, by taking two equal altitudes of 
the Sun with a quadrant, one before and the other after noon, 

His method is this. With the common altitude obſerved, together 
with the latitudes at the time of each obſervation, and the Sun's correct 
declination to thoſe times, the times from noon are to be computed at 
both obſervations, which times being applied to the two times of obſerva- 
tion, give the reſpective times of noon : then the mean of the two noons 
being taken, will give the time ſhewn by the watch when it was the true 
mid-day. 

Oc. Half the difference of the computed noons being applied to 
either of them, will alſo give the true time of noon. 

And although the latitudes uſed in the computations be ſomething 
erroneous, yet the altitudes being equal, the error in each of the com- 
puted diſtances from noon will be nearly the ſame, if the change in lati- 
titude and longitude between the obſervations be duly attended to. 


T 3 219. Of 
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219- Of the Vernier's dividing plates 


When the relative unit of any line is to be divided into many ſmall 
equal parts, thoſe parts may be too many to be conveniently introduced, 
or if introduced, they may be too cloſe to one another to be readily eſti- 
mated ; and on theſe accounts there has been a variety of methods con- 
trived for eſtimating the aliquot parts of the ſmall diviſions, into which 
the relative unit of a line may be commodioufly divided; among thoſe 
methods that is moſt juſtly preferred which was publiſhed by PETER 
VERNIER (a gentleman of Franche Comte) at Bruſſels, in the year 
1631; and which, by ſome ſtrange fatality, is moſt unjuſtly, although 
commonly, called by the name of Nox ius: for Nenius's method is not 
only very different from that of Vernier's, but much leſs convenient. 


Vernier's methid is derived from the following principle. 


If two equal right lines, or circular arcs 4, B, are fo divided, that the 
number of equal diviſions in B is one leſs than the number of equal divi- 
ſions of A; then will the exceſs of one diviſion of's above one diviſion of 
A be compounded of the ratios of one of a to A, and one of B; to B. 


For let A contain 11 parts; then one of A to A, is as 1 to 11; IR 
11 
Let B contain 10 parts; then one of = to B, is as 1 to 10; or ——. 
s 10. 
3 I XI 1 X11 11-10 I 
Now 55=—77 "= 10811 117X170 (l 145702118781 
—— HR, | 
10 11 
Or. If 8 contains x parts, and A is of 4 1 parts; 
Then — is one part of B, and —— is one part of A. 
n n+1l 
1 le | n X z+r © 
I ) l I 
n—wm—_—_— * 
N X n+1 n a+l 


Or thus. Let A and B be unequal right lines, or circular arcs; and 
let any part of A, confidered as the relative unit, be divided into » 
parts; and a part of B, equal to m + 1 parts of A, be divided into n 


parts: then will th of B= Lth of a = _thof px Lthof A. 
m n m a 


But u parts of A: 1 unit of A::m+1 parts of 4 2] units of a. 
n 


But m parts of B = (m+ parts of 4 =)" units of A. 
n 


Then m parts of B: Z units of 4: : 1 part of 8: ZE. units of a. 
4 n : m xn 


T herefore 


wes 
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1. mxi mri_=w 138 
Therefore 2 8 (22222 m Xn =S=S) 
„ 
m n 


The moft commodious diviſions, and their aliquot parts, into which 
the _ on the circular limb of an inſtrument may be ſuppoſed to be 
divided, depend on the radius of that inſtrument. 

Let x be the radius of a circle in inches; and a degree to be divided 


in u parts, each degree being-—th of an inch. 


Now the circumference of a circle in parts of its diameter, 2K inches 
is 3,1415926 * zn inches. (II. 197) 


Then 360%: 3, 1415926 * 2K: : 1: —. X 2R inches. 
Or, o, 01745379 XR is the length of one degree, in inches. 
Or, 0,01745379XR Xp is the length of 1“, in pth parts of an inch. 
But as every degree contains # times ſuch parts, | 
Therefore n=0,01745379 XR Xp. 


The moſt commodious perceptible diviſion is L or of an inch, 
10 


Ex au. Suppoſe an inſtrument of 30 inches radius : into how many con- 
venient parts may each degree be divided © haw many of theſe parts are to go 
to the breadth of the Vernier, and to what parts of a degree may an obſer vation 
be made by that inſlrument ? 


Now 0,01745XR=0,5236 inches, the length of each degree. 
And if p be ſuppoſed about 13 of an inch for one diviſion. 


Then o, 5236 Xp = 4,188, ſhews the number of ſuch parts in a degree. 
But as this number mult be an integer, let it be 4, each being 15“ 

And let the breath of the Vernier contain 31 of thoſe parts, or 74“, 
and be-divided into 30 parts, 


Here n =; ; b of a degree, or 30”, 
4 30 $:- ©" 220 


Which is the leaſt part of a degree that inſtrument can ſhew. 


I I 60 
Ifn = L, and m=--; then , — = of a minute, or 20”. 


5 30 5 35 © 5x30 


220. The following table, taken as examples in the inſtruments 
commonly made from 3 inches to 8 feet radius, ſhews the diviſions of 
the limb to neareſt tenths of inches, ſo as to be an aliquot of 60's, and 
what parts of a degree may be eſtimated by the Vernier, it being divide:l 


into ſuch equal parts, and containing ſuch degrees, as their columns 
ſhew. | 


. 


'T -& Rad. 
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WR Go 

28. 27. 

ches a drg. | Vernier, of Ver. obſerved. | inches a deg. | Vernier.jof Ver.jobſerved. 
s| x | 15 [ig | off 30] . 30 | o#* Loaf 
aL e 6 $0 
91 2 20 | 10k | 1.30 |} 42 8 39 31 | © 15 
1 2 24 | 124 | 1 165 48 9 49 | 44 | © 10 
sf 3 20 64 | 1 of} 691 10 36 | 473] © 10 
18 3 30 | 107 o 40 [7212 30 | 2x7 0 10 
4 30 7x | © 30 | 84 | 15 40 | 2+ 0 6 
1 | 36 | 9x [0 25 | e 4 | 

__ | GTA Y = m_—_ OD A A 


By altering the number of diviſions, either in the degrees or in the 
Vernier, or in both, an angle can be obſerved to a different degree of 
accuracy. Thus to a radius of 30 inches, if a degree be divided into 
12 parts, each being five minutes, and the breadth of the Vernier be 


* . * = 

21 ſuch parts, or 14, and divided into 20 parts, then a bf WE. 54 

bs $6 708 

= 15” : or taking the breadth of the Vernier of 271“, and divided into 
0 : 0 

30 parts; then „ — ©, or 10“: Or! : - 6” 


I2 O 212 * a0 —o60-. 


where the breadth of the Vernier is 459. 


SEC 1.14 0. NV 
Practical Aftronomy. 


The ELEMuBuurs of the EARTH's Moriox. 


221. By the theory of the Sun, or Earth, is meant the knowledge of 
all the requiſites, or elements, neceſſary ſor determining its place in the 
ecliptic at any propoſed time. 

222. Mean MoTion, or MRAN ANGULAR VELOCITY, is a motion 
made uniformly in the circu:aterence of a circle, the center of motion 
being the center of that circle. 

The mean motion of a planet is the degree and parts ſhewing its 
diſtaace from the firlt point of Aries, reckoned in the order of the 
ſigns. 

8 ANOMALY, or TRUE ANoMALY, is an angle made by two 
lines drawn from the center of motion, one to the Aphelion, or Apogee, 
and the other to the place of the revolving body, or planet: Or Axo- 
MALY, is the angular diſtance of a planet from its Aphelion, the angu- 
lar point being the center of motion. 

224. MEAN ANOMALY is that made by an uniform circular motion 
about the center, and is the ſame as mean motion, beginning at the 
Apbelion. 


4 225. Ex- 
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225. EXCENTRIC ANOMALY is an angular diſtance from the aphe- 
lion, determined in a circle on the tranſverſe axis by a normal to that 
axis, paſſing through the planet's place in its elliptical orbit. 

226. The EqQuaTion oF THE CENTER, ſometimes called the 
pro/thaphereſis, is the difference between the mean and true anomalies, 

227. The motion of the equinoxes is the ſame as the preceſſion of the 
equinoxes, which is backwards, or contrary to the order of the ſigns ; by 
which the ſtars appear to have advanced — from the equinoctial 
point Aries: this motion is about 50 ſeconds of a degree in a year. | 

228. The motion of the apſides is a flow motion of the Earth's orbit 
around the Sun in the order of the ſigns; diſcovered by the apogeon 
changing its place among the fixed ſtars : this motion is found, by com- 
paring diſtant obſervations together, to be about 16 ſeconds of a de- 
gree in a year, in reſpect to the fixed ſtars; and about 66 ſeconds 
({ =50” + 16”) with reſpeCt to the equinoxes. 

229. A'TROPICAL or SOLAR YEAR is the time elapſed between two 
ſucceſſive paſſages of the Sun through the ſame Equinoctial or Solſtitial 
points of the ecliptic. | | 

230. A SIDERIAL YEAR is the time the Sun takes between his de- 
parture from any fixed ſtar to his next return to that ſtar. 

231. An AnNoMAL1sTic YEAR is the interval of time between two 
ſucceeding paſſages of the Sun through the ſame apſis. 


232. By the annexed figure the foregoing articles may be eaſily 
comprehended. | _ [A 
On the line of the apſides ay deſcribe a circle 
ADP, called the excentiic ; and an ellipſis AFP J) 
for the Earth's orbit, having the eccentricity cs. E 
Let es be the place of the Ga, C the center of g N | 
the orbit, A the aphelion, P the perihelion ; D 
5a the aphelion, or apogeon diſtance; sy the 
perigeon diſtance. CER 
Let E he a true place of the earth in its orbit; C 
D a correſponding place in the excentricy in FE 
continued, normal to AP. 

Let the £ ACB repreſent the mean anomaly ; & 
the Lac is the excentric anomaly; and the | | 
ZASB is the true anomaly ; the difference be- | 
tween ZACB and Z ASE is the equation of the 
center. . | 

When the Earth is in the apſides, then B and Fg 
E fall together in A and p, and here is no equation of the center, the 
mean and true anomalies being equal; but the greateſt equation of the 
center muſt be, when the Earth is at its mean diſtance from the Sun. 


233. Obſervations ſhew, that in this age the Earth paſſes the apogee 
on the zoth of June, when its daily motion is 57/ 12”: and paſſes the 
perigee on the 3oth of December, when the daily motion is 61' 12” : 
and is at the mean diſtance about the 28th of March and 3oth of Sep- 
tember, when its daily motion is 59' 8“. 

234- PR O- 
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2.34» PROBLEM LVI. 
To find the Latitude of a place. 


SQLUT10N. Select a ſtar, the diſtance of which from the pole ſtar 


does not exceed 8 or 10 degrees; and obſerve with a quadrant the 
greateſt and leaſt meridional altitudes ; then 

If both obſervations are on the ſame ſide of the zenith; 
Half the ſum of the alts. is the latitude, on the ſame ſide the zenith. 

If the obſervations are on different ſides of the zenith; 
Half the diſlerence of the altitudes is the co-latitude, on the ſame fide 
of the zenith, with the leſſer altitude. | 
For let #zR be the meridian, HR the horizon, 4 AB p 
2 the zenith RB, RA, two altitudes on the ſame a 
ſide of the Zenith; Hb, Ra, two altitudes on con- 
trary ſides of the zenith. 
Then, the arc AB, or ab, being biſected, will 
give p the poſition of the elevated pole. 
For a ſtar is equally diſtant from in its revolu- 
tion. 
Therefore PA=PB ; or pa =; and RP equal 
to the latitude. 


*%. 


2RA 2PA RA-+RA+ABR 
Hence RP = { RA+PA * * = ) 


RA + RB 
2 
2Ra 2Pb 
And mp = ( Ra + Po = — + —= Re+ h0-Foe —— RPb + Ra 
- 2 2 2 
0 
— 180 —.— =] go9— Hb © Ra 


235. REMARKS. 1. There will be about 12 hours between the two 
obſervations, 

2. This method is ſubject to a ſmall error, on account of the leſſer 
altitude being more affected by refraction, then the greater. 


236. PROBLEM TVI . 
To find the Obliguity of the Ecliptic. 


SOLUTION. Let the meridian altitude of the Surt's center be obſerved 
on the days of the ſummer and winter ſolſtice ; the difference of thoſe 
altitudes will be the diſtance of the tropics ; and half that diſtance will 
thew the obliquity of the ecliptic, 

Or. The meridian altitude at the ſummer ſolſtice, leſſened by the 
co-latitude of the place, will give the obliquity of the ecliptic. 

From good obſervations the obliquity of the ecliptic about the time of 
the vernal equinox 1772 was found to be 23® 28, 

Diſtant obſervations compared together, ſhew that the obliquity is 
decreaſing at the rate of about one minute in 120 years. 


4 237. RE- 
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237. REMARK. By the ſecond method the declinations of the fixed 
ſtars, or of any other celeſtial phenomenon may be found ; obſerving 
that their declination is of the fame name, viz. north or ſouth, with the 
latitude of the place, when its complement is leſs then the altitude 3 
otherwiſe, of a contrary name with the latitu e. 


238. P R OB L EM LVIIL 
| To find the time of an Equinox. 

SOLUTION. In a place the latitude of which is known, let the Sun's 
meridian altitude be taken on the day of the equinox, and on the day 
preceding, and that following it. Then the difference between thoſe 
altitudes and the co-latitude will be the Sun's declinations at the times 
of obſervations. (236) 

If either of the altitudes is equal to the co-latitude, that obſervation 
was made at the time of the equinox. 

But if the co-latitude is unequal to either of the altitudes, proceed 
thus. Let DG repreſent the equator; AC 
the ecliptic, E the equinoctial point; the 
points Ay B, c, the places of the Sun at the 
times of obſervation ; the arcs AD, BF, CG, 
ihe correſponding declinations. 

Now uſing either the two firſt, or two 
laſt obſervations, ſuppoſe the latter, in the 
right-angled ſpherical triangles cg, BEF, 
in which there are known the obliquity of the ecliptic, and the decli- 
nations; find Ec, EB: then Bc, the ſum or difference of Ec, EB, is 
the eclip- tic arc deſcribed in 24 hours. Then ſay, 

As BC to BE, ſo 24 hours for Bc, to the time correſponding to BE. 
And this time ſhews the diſtance of the equinox from the time of the 
middle obſervation. 


239- PROBLEM LIX. 


To find the length of the tropical, periodical, and anomaliſtical revolutions 
of the Earth. | 


SOLUTION. . Let two obſervations be choſen, among the moſt au- 
tentic of thoſe on record, of the time when the Sun had like poſitions, 
viz. 

1ſt. In regard to his longitude, or place in the ecliptic. 

2d. In regard to the right aſcenfion of ſome noted ſtar. 

zd. In reſpec to the line of the apſides. 

The greater the interval (ſuppoſe 80 or 100 years) between each two 
obſervations, the more accurate will be the reſult : then that interval 
being divided by the number of revolutions made during that time, will 
give the time of one periodical revolution. 

According to Mayer's tables the numbers are theſe 


A tropical year is made in 3654 5 48" 42%. 
A periodical, or fiderial revolution = 6 9 7. 
An anomaliſtic revolution 365 


— 
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240. REMARKS. 1, The tropical year being ſhorter than the ſiderial 
by 20m. 25 ſ., ſhews that the Sun has returned to the ſame point of 
the ecliptic, before he has made one complete revolution with regard io 
the ſtars; and conſequently every point of the ecliptic muſt have 
moved in antecedentia during that tropical period, and ſo have produced 
what is called the preceſſion of the equinoxes. 

Now 365d. 6h. gm. 71.:360*::20 m. 258. : 50%, 3, or ncarly 
50”, for the preceſſion in one year. 

If thece was no preceſſion, the tropical and fiderial years would be 
equal, 

NT! 2. A ſiderial revolution being performed ſooner by 6 m. 22 f, 
than the anomaliſtic, ſhews that the line of the apſides has a motion in 
conſequentia : now 365 d. 15 h. 29m : 360˙: : 6m. 221.: 15.7, the 
yearly quantity by which the Sun's apogee is advanced in reſpect to the 
ſtars : and as the equinoxes move in antecedentia, and the apſides in c©n- 
ſeguentia, their ſum 66“ (=50,3+15,7) ſthews the motion of the ap- 
ſides from the equinoxes. . | 

242. 3d. From the compariſon of many obſervations it appears, that 
the length of the ſolar year, deduced from two very diſtant obſervations 
made at the time when the Sun was in the ſame paint of the ecliptic 
near its apogee, differs by many ſeconds from the length of the year 
deduced by like obſervations, when the Sun was in another part of the 
ecliptic, near its perigee; thoſe made near the apogee giving the revo- 
lutions leſs, and thofe made near the perigee making them greater, 
than the revolutions deduced from obſervations taken at the Sun's mean 
diſtance ; this alſo ſhews, that the line of the apſides has a motion in 
conſequentia ; and that the length of a tropical revolution ſhould be deter- 
mined from very diſtant obſervations, made at the times when the Sun 
is at its mean diſtance from the Earth; or that the mean revolution 
ſhould be taken between thoſe deduced from obſervations made on the 
Sun's place, when he is in both the apogee and perigee. 


243. PROBLEM LX. 
To find the right aſeenſion of ſome noted fixed flar. 


Having a good clock well regulated to mean or equal time, a large 
aſtronomical quadrant fixed in the plane of the meridian, and an equal 
altitude or tranſit inſtrument : then, on ſome day a little before or aſter 
the vernal equinox, when the daily alteration of the Sun's declination 
is about 18 or 20 minutes, obſerve the Sun's meridian altitude; and by 
equal altitudes find the times when both the Sun and ſtar come to the 
meridian ; the difference of theſe times is their difference of right ai- 
cenſion. a | 

Again. At ſome time a little after or before the autumnal equinox, 
before the Sun has paſſed the ſaid declination, obſerve his meridian al- 


titude; and by equal altitudes find the times of the Sun and ſame ſtar's. 


coming to the meridian, the difference of thoſe times is alſo the-differ» 
ence of their right aſcenſions. | 

If the vernal and autumnal meridian altitudes are the ſame, then 
thoſe obſervations were made, when the Sun was on the ſame — 


ö 
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of declination : now the ſum, or diff. of the two obſerved differences of 
right aſcenſion, ſhews the equatorial.arc deſcribed by the Sun between 
thoſ: times; which arc, being biſected, ſhews the diſtance of the neareſt 
ſo!.:.c: {rom the Sun, at the time when the obſervations have equal alti- 
tu es; and that diſtance cotrected and takenjfrom'go%-thews the Sun's 
night aſcenſion at the vernal obſervation, or its complement to 360 de- 
grees. | Aren 

From hence, and the firſt difference of right aſcenſion between the 
Sun and ſtar, the ſtar's right aſcenſion will be obtained. 


744. If the two meridian altitudes of the Sun are not the ſame, their 
giffetence ſhews the difference of the mid-day declinations, when thoſe 
obſervations were taken: now from ſome tables of right aſcenſton and 
declination take the Sun's daily alteration in declination and right aſ- 
ce:i:0n on the day the leſſer altitude was taken; then ſay, As the daily 
ee decl. is to that #3 right aſcen. ; ſo is the diff. of the allitudes, ta the 
--rreftion in right aſcenſion. 

This correction being added to the vernal, or ſubtracted from the au- 
tumnal difference of right aſcenſion, as either is leaſt, reduces that dif- 
ference of right aſcenſion to what it would be when the declination is 
the ſame with the other; and then the difference between thoſe two 
differences of right aſcenſion, ſo reduced, gives the equatorial are, as 
before recited, 


245. At the Royal Obſervatory at Greenwich, in the year 1770, ob- 
ſervations were made on the Sun and the ſtar a Aquilæ. 
March 15, Sun's mer. zen. diſt. cleared of reſraction and parallax, was 
53*28' 29”; and their diff, of rt. aſc. was 60 30 7,8”. 
Sep. 28th. Sun's mer. zen. diſt. cleared of refraction and parallax, was 
53? 36' 26“; and their diff. of rt. aſc. was 109 59' 22,8”. 
"Then 7” 57” is the diff. of zen. diſts. or the alteration in declination. 
Alſo 2J 40“ and (3® 39% or) 54 45 are the diffs. of decl. and rt. aſc. 
between the 15th and 16th days of March 1770. 

Now 23' 40“: 7' 57” :: 54 45”: 18' 23,5” the increaſe of the diffe- 
rence of right aſcenſion after the noon of the 15th of March. 
Then 60® 30” 07,8//—18' 23,5” =60? 17 44,3” which is the firſt diff. 
rt. aſc, when the Sun had the ſame dec], as at the ſecond obſervation. 
Here, the times of the two obſervations fall neareſt the winter ſolſtice, 
Then 60 11“ 44,3” +1099 59' 22,8” = 170% 11“ 7“; its half 85 5/ 
33,5” is the diſtance of the winter ſolſtice from the Sun. 
Hence 270? + 85* 5” 33,5 +18" 23,5 =355% 23 57” is the Sun's rt. 
aſc. on March 15th. | | | 1 
Al ſo 35 5? 23 57 / — 60 30' 7,8“ = 294 5 49,2” is the rt. aſc, of 4 
Aquilæ. 35 70 | 

246. The right aſcenſion of one ſtar being known, the right aſcen- 
ons of all the reſt are found by noting the times ſhewn by the clock, 
when thoſe ſtars come tp the meridian: for the differences of thoſe 
times, from the tranfit of the choſen ſtar, are the differences of right 
aſcenſion ; by which the right aſcenſion of all the obſerved ſtars will 
be known ; taking care to augment, or diminiſh the right aſcenſion of 
the choſen ſtar by thoſe differences, according as the choſen ſtar is pre- 
ded, or followed by the other obſerved ſtars, 

247. PRO- 
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To find the Sun's place. 


SI rio. Let the time be obſerved both when the Sun, and a ſtar 
the right aſcenſion of which is known, paſſed the meridian, and hence 
the Sun's right aſcenſion is known. 

With that right aſcenſion, and the obliquity of the ecliptic, compute 
(142) the longitude, and thus his place in the ecliptic will be known, 


248. PROBLEM LXI. 
To find the greate/i Equation of the Center. 


SoLUTION. At the times when the Sun is near his mean diſtance, 
let his longitude be found ; their difference will ſhew the true motion 
for that interval of time. 

Find alſo the Sun's mean motion for that interval of time. 

Then half the difference between the true and mean motions will 
ſhew the greateſt equation of the center. | 

Obſervations made at the Royal Obſervatory at Greenwich, ſhews that 
1769 October 1ſt. at 23" 49" 12* mean time, © long. was 6* 99 32” 0,6” 
1770 March 29th. at o 4 50 mean time, © long. was o 8 50 27,5 


The diff, oftime178d.o 15 38; True diff. long. 5 29 18 27 
The tropical year 365 d. 5h. 48 m. 421. = 365,2421527 
Theobſervedinterval 2 178 o 15 38 = 178,01085648. 
Then365,2421 527: 178,01085648:: 360® : 175, 45 5948 mean motion. 
80 175% 27” 21” of mean motion, aniwers to 179? 18” 27” true motion. 
Their diff. = 3? 51“ 6”; its half 1® 55” 33” is the greateſt equation of 
the center according to theſe obſervations. 


249. PROBLEM LXIII. 
To find the Eccentricity of the Earth's orbit. 


SoLUTION. Say, As the diameter of a circle in degrees, 

To the diameter in equal parts; 

So the greateſt equation of the center in degrees, 

To the eccentricity in equal parts. 5 
The greateſt equation of the center 1555 33'= 1,9258333, &c. 
The diam. of a circle being 1, its circumf. is 3,1415926. (II. 197) 
Then 3,1415926 : 1 : : 360®: 114,5 15609 equal to the diameter. 
And 114,591 5609 : 1,00&c. : : 1,9258333: 0,0168061 the eccentticity. 
Hence 1,016806 (= 1,000000 + 0,016806)=aphelion diſtance. 


And 0, 983794 (=1,000000—0,916806) =perikelion diſtance. 
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Bc 


Book V. ASTRONOMY. 237 


250. PROBLEM LXIV. 
To find the time and place of the Sun's Apogee. 


SOLUTION. On each day of two ſucceſſive apſides let the Sun's place 
and the time be obſerved. _ 323 ; 

Then if the interval of thoſe times and places is equal to the halves 
of 365d. Gh. 15m. 298. and 360® 1/ 6” ; thoſe obſervations were made 
when the Sun was in the apſides. 

For ſuch intervals of time and place belong to no other points of the 
Earth's orbit. 

But if thoſe obſerved intervals of time and place differ from the ſaid 
halves, take the defference between the interval of place and 180 0. 

Then to the daily motion of the Sun's apogee (233), the ſaid diff. and 
24h. find the proportional time; which proportional time and difference, 
being applied to the time, and places, of the apogeon obſervation, gives 
a time and place when it is 180% of 33, diſtant from the obſerved pe- 
rigeon place: now if the interval of theſe times is equal to 1824. 15h, 
zm. 444. the times and places of the apſides are known. 

But if the interval of time differs from 182 d, 15h. 7m. 444, fay, 
As the diff. between the perigeon and the apogeon daily motions, is to the daily 
notion of the apogee ; ſo is the diff. of the interval of time, to a ſecond cor- 
rection of the time of the apogee, 

This correction applied to the apogeon time, corrected as above, will 
give the true time of the Sun's apogee. 

Alſo, to the laſt correction of time find the proportional motion of 
the Sun's apogee; and apply it to the laſt corrected place of the apogee, 
2nd the true place of the apogee will be obtained. | 


By obſervations made at the Royal obſervatory at Greenwich in the 
ear 1769. | | | 
fuly 9 at ob 3® 20* mean time © long. = 3˙ 9 46" 38, 5 
December 29th. at o 2 49 mean time O long. =q 8 10 58,1 
Interval 180 d. 23 59 29. Interval of place = 5 28 24 19,0 
he Sun's motion in half an anomaliſtic year T0: 0:20. 
Che Sun's place at 1ſt obſervation is too forward by 1 39 13,4 
ben 57' 12” :136/ 13,4” :: 24h.:40h. 22m. 241. to be taken from the 
time ot July 1ſt, to make the diſtance of the times anſwer to the half of 
209% 16”; and it leaves June 29d. 7h. 4om. -56C. ; at which time, 
the ſun was in 3* 89 107 25,1”, which is diſtant from the December ob- 
iervation by 180 0 33“: But here the interval of time is 182d 16h. 
21m. 53f. z which is greater than 182d. 15h. 7m. 445. the half ano- 
maliſtic revolution, by 1h. 14m. 8Xſ. ; therefore the Sun has ſome time 
to run before he comes to the apogee. 
Now 4' ©: 57 12“: 1h. 14m. 81. : 17h. 13m. 14f. correction of time. 
And 24h. : 17h. 13m. 14f :: 577 12” : 42 6,8”. correction of place, 
Then June 29d. 7h. 4m. 56f. + 17h. 13m. 141. gives 

June 3od. oh. 21m. 10f. for the time of the apogee. 
And 3 8? 207: 25,1” + 42 6,8” gives 3* 8* 527 33” for the place of 
the apogee. 
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251. PROBLEM LXV. 


At any given time to find the Sun's mean anomaly. 


SoLUTION. Let an epocha of the Sun's paſſage through its aphelion 
be acurately determined. Then ſay, 


As the time of a tropical revolution, or ſolar year, 


To the interval between the aphelion and given time; 

So is 360 degrees, to the degrees ſhewing the mean anomaly, 

OR. From the tables of mean motions find the Sun's mean motion 
for the given time, and this will be the mean anomaly, 


252. If the Sun's motion in the ecliptic was uniform, his true place 
for any time could be found by the tables of his mean motion; but the 
Sun's longitude found by thoſe tables, called his mean longitude, mult 
be corrected on account of his irregular motion. | 

As the Earth revolves in an elliptical orbit about the Sun, placed in 
one of its foci, its angular motion round the Sun will differ from the an- 

ular motion it would have, were the Sun in the center of the ellipſis. 

Now the table of mean motions gives the angular motions from the 
center of the ellipſis in a circle deſcribed on the line of the apſides, and 
reckoned from the firſt point of Aries; this motion, leſſened by that of 
the apogee, gives the Sun's mean Jongitude, or mean anomaly, from the 
aphelion point. 

But the motion of the Earth being in an elliptic orbit, its true ano- 
maly will differ from its mean ; this difference, called the equation of 
the center, is the correction wanted to reduce the mean motions to the 
true ones. 


253. To find the equation of the center, or to ſolve (what is called) 
the Keplerian problem, is the molt difficult operation, particularly in 
orbits the eccentricity of which bears a conſiderable proportion to the 
mean diſtance : how to do this has been ſhewn by Newton, Gregory, 
Keil, La Caille, and many others, by methods little differing from one 
another: it conſiſts chieſly in finding an intermediate angle, called the 
excentric anomaly, as ſhewn in the following problem, | 


1 PROBLEM LXVI. 


The Sun's mean anomaly being known, and the dimenſuns of its orbit, to find 
the excentric anomaly. | 
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SOLUTION. Say 
As the aphelion diſ= H 
tance, ' 
Totheperihelion diſ- 
tance z | | 
So is the tan. + the 
mean anomaly, 

To the tan. of an arc. 
Which arc added to 
halfthe meananoma- 
ly.gives theexcentric 
anomaly, 

For let Ap be the 
excentric. 

ap the Earth's orbit, 
the center, s the Sun, 
A the aphelien, v the 
perihelion, E the true 
place, D the corre- 
ſponding place in the 
excentric, and B the 
mean place. 3 

Now it is evident, that the leſs the eccentricity. is, the nearer will the 
elliptic orbit approach the excentric circle; the nearer will the true and 
mean places, E and B, approach one another; and the leſs. will be the 
difference between the mean, the excentric, and the true anomalies z 
alſo the nearer will the lines CD, sn, approach to paralleliſm, or coin- 
cidence : fo that in orbits of ſmall eccentricities o and s may be ta- 
ken as pafallel lines, particularly in the Earth's orbit, where ds is only 
about 5 of cp. | | | 
Therefore AasB=ZACD the excentric anomaly. 

Then in the triangle Bcs, where the ſum of. the ſides Bc + cs=5A ; the 
diff, of the ſides Bc -s sp, and 4 Bcs (= ſupplement of acs) are 
known; the Less may be found. (III. 48) 
| Thus $A : s:: tan. 4 (ſum , c8B+B=) /_ACB : tan. of an arc. 
Then I ZAcB+ that arc= cs (III. 47) the excentric anomaly: 


\ 


256. PROBLEM LXVII. 


The Sun's excentric anomaly, and the dimenſions of its orbit being known, to 
find the true anomaly, 


i 
SOLUTION, Say, As the ſquare root of the aphelion diſtance, 
. To the ſquare root of the perihelion diſtance; 
So tangent of half the excentric anomaly, 
To tangent of half the true anomaly. 
For let a ſemicircle be deſcribed ſrom E through the other focus 5, 
cutting AP In 5, 1, and $E, produced, in o, H. 
Then (II. 172) n: 8112 858 0 = (A 3 9 ——.— 
7 SH 8 + Es 2CA * 


U Or 


290 ASTRONOMY. Book V. 


Or cr x cs = (ISG =){sE— 85; Ca (=3SE + Jes) being radius, and = 
Therefore sE=(1+cs XCF (III. 47) =) 1+cs XS,ACD. (I! ;) 


” 
: SF $C+5,n cn 
Again. In A $FE. ASSE:R::65F: as EA 2 : 


s TTS CDs 
sc, Acp sc 45. acD 
Then 14,48 E: I—S,ASE:: I+= _— "vet. 

* N I+$SCXS,ACD 1+SC X5,ACD* 
I—S.ASE_/1+8C *, ACD—SC—S, ACD 
— ER (ow \ 
14, AsE \1+8C XIyACD+8C+5zACD 
1—$C+SCXS,ACD—S,ACD 
—1+5C+$SCXs,ACD+SL,ACD 
$P+TS—IXSACD SP—SACDXSP 
— ATC TIN, Ac D SAFSACDXS8A 


— — — 
* 


ee kn 


| : : 
T—$S,ASE I—S,ACD SP 

But ————=tt,ZASE ; and x — =t!t,ZACD X et UV. 21) 
1-+5,ASE I+S,ACD $A 8A 


"ELL Cond 
$A ft, rAcp 


Therefore (= —_— or) SA: SP:: „Acb: , Ask. 


SP 
Then 8 tt, Z AcD tt, ASE. 


256. REMARK. The £CQs=4ACBA Ask (II. 95), is the equation 
of the center, to be applied to the mean anomaly ; and is ſubtraftive from 
the aphelion to the perihelion, or in the firſt ſix ſigns of anomaly ; and additive 
from the perihelion to the aphelion, or in the laſt fix ſigns of anomaly. 


For the lines cg, SE; cb, sx, which coincide in $A, sp, will in 
every other poſition croſs one another; in Q while revolving from a to 
v, and in g while revolving from p to A: in the firſt half revolution, 
the mean anomaly, or the external Z ACB, exceeds the C AsE, the 
true anomaly, by the Z cs (II. 96): in the latter half, the true 
anomaly, or external Isa, exceeds the mean anomaly, or 4 Pcb, by 
the £5gc. ; | 


SECTION 
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SECTION IX. 
Practical ANY 0N0My. 
| { Of the EQUATION of TIME. 


257. Time, which of itſelf flows uniformly, has its parts meaſured 
by the motion of ſome viſible object; and the Sun being the mot 
conſpicuous moving object in the heavens, its motion has been choſen 
as the moſt proper meaſure of the parts of time, as well for the day, as 
for the year. 

258. The aſtronomical day, at any place, begins when the Sun's 
center is on the meridian of that place; and is divided into 24 hours, 
reckoned in a numeral ſucceſſion from 1 to 24: the firſt 12 are ſome- 
times diſtinguiſhed by the mark P. M., ſignifying poſt meridiem, or 
afternoon ; and the latter 12 are marked A. M., fignifying ante meri- 
diem, or before noon : but aſtronomers generally reckon through the 
24 hours, from noon to noon ; and what is by the civil, or common 
way of reckoning, called morning hours, is by Aſtronomers reckoned 
in the ſucceſſion from 12, or midnight, to 24 hours. 

Thus 5 o'clock in the morning of April the 10th, is by aſtronomers 
called April the gth, at 17 h. | 
: 259. The Sun's daily motion in longitude is the arc of the ecliptic run 
oO through in that day; and bis daily motion in right aſcenſion is the corre- 
5 ſponding arc of the equator; and the mean daily motion in either circle 
= is meaſured by 59/ 8” nearly. For 265d : 1d :: 360® : 597 8”. 

|; 260. An A8TRONOMICAL or SOLAR DAY is the interval of time 
between two ſucceſſive tranſits of the Sun's center over the ſame me- 
| ridian; and is meaſured by the ſum of the whole equator, and an arc 
of it equal to the daily motion in right aſcenſion. 
| For at the end of a diurnal rotation, which by obſervations is known 
to be uniform, the meridian has returned to the ſame ſtar, or point of 
the ecliptic, which it was againſt at the preceding noon : but the Sun, 
7 during this rotation, has removed from that ſtar to another, which has 
a greater right aſcenſion : therefore, before the meridian can be again 
oppoſite to the Sun, ſo much of another rotation mult be deſcribed, as 
is equal to the daily motion in right aſcenſion. 
261. A SipERIAL Day is the interval between two ſucceſhve re- 
turns of the ſame meridian to the ſame fixed ſtar, is leſs than the ſolar 
day, and is meaſured by 360“. 
262. A Mean or EGUATORIAL Dar is the time elapſed between 
two ſucceſſive tranſits of the Sun over the meridian, and is meaſured by 
360? 5g! 8” nearly. | | 
263. Mean or Equar Tims is that ſhewn by a clock, whoſe 24 
hours meaſure the time which the Sun takes to deſcribe an equatorial 
7 arc equal to 36059 8” nearly. | 
264. The difference between the meaſures of a mean ſolar day and 
a ſiderial day, viz. 59' 8”, reduced to time (132), gives 3 m. 36 f.; 
which ſhews, that a ſtar which _ on the meridian with the Sun on 
2 one 
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one noon, will return to that meridian 3 m. 56 f. before the next noon; 
therefore a clock, which meaſures mean or equal days by 24 hours, will 
give 23h. 36 m. 4 f. for the length of a ſiderial day. 

265. AUPARENT, or Txue Time, is that fhewn by a ſun-dial; 
where 24 hours, or a day, is meaſured by the ſum of 360%, and that day's 
motion in right aſcenſion. 

266. 'The ſolar days are unequal to one another, for obſervations ſhew 
that the ſun's daily motion in right aſcenſion is continually varying. 

The true and mean ſolar days are never equal, but when the Sun's 
daily motion in right aſcenſion is 9 8“; which happens about February 
1ith, May 14th, July 26th, and November ſt: at all other times the 
lengths of the true and mean days differ, The accumulation of theſe 
differences produces the equation of time; and ſometimes the apparent 
noon will precede the time of the mean noon, and ſometimes fall after 
it; their difference amounting to above 16 minutes at the beginning of 
November, 

267. The EqQuaT1on of Tims is the difference between the times 
ſhewn by a clock and a ſun-dial; or between the mean and true noons ; 
or between the Sun's right aſcenſion and his mean longitude when 
turned into time at the rate of 15 to an hour. 

This difference ariſes on two accounts. Firſt, becauſe of the obli- 
quity of the ecliptic the daily motions in longitude and right aſcenſion 
are unequal. Secondly, becauſe of the unequal motion of the Earth in 
an elliptic orbit. 

In the firſt and third quadrants, or between the ſigns , yy, the 
right aſcenſion being leſs than the longitude (140), or the mean motion 
taken in the equator; the point of right aſcenſion is to the weſt, and 
therefore the apparent noon precedes, or comes in conſeguentia to the 
meridian before the mean noon : but in the 2d and 4th quadrants, or 
between the ſigns , YT, the right aſcenſion being greater than 
the longitude, er mean motion, taken in the equator, the mean noon 
is weſtward, and therefore precedes, or comes in conſeguentia to the 
meridian before the apparent noon. 

From the aphelion to the perihelion, or in the firſt fix ſigns of ano- 
maly, the mean noon precedes the apparent; and in the laſt ſix ſigns 
of anomaly the apparent noon precedes the true; their difference in 
either caſe is the equation of the center, which convert into time. 

Now becauſe the points of Aries, and of the Sun's apogee, the 
places where the two parts of the equation of time commence, do con- 
ſtantly recede from one another; therefore the whole equation of time 
made up cf thoſe two parts will ſerve only for a few years, and requires 
to be corrected from time to time. 

268. To calculate the equation, or difference between the mean and affa- 
rent noons, for any propoſed day. 

Find the mean and true anomalies for that time (255) ; their diſſe- 
rence, or the equation of the center, 1s one part. 

The true anomally gives the Sun's longitude 3 with which, and the 
obliquity of the ecliptic, compute the right aſcenſion (139); the diffe- 
rence between the longitude and right aſcenſion gives the other part. 

The ſum, or &ff, of the two parts, turned into time, gives the equa- 
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SE IWR 


Practical Aſtronomy. 


To make SoLAR TABLES. 


269. I. Tables of the mean motions of the Sun. ( Ty =) 
39333%Þ 

Divide 360 degrees by a ſolar revolution, the quotient ſhews the 
mean motion for one day o 59” o8” &c. 

Fake the multiples of one day's motion from 1 to 365 for every day 
in the year; and theſe properly diſpoſed, according to the month days, 
will give the mean motions for every day of each month. (304) 

'The 24th part of one day's motion will give that for one hour, and 
its multiples to 24 times will ſhew the mean motions anſwering to each 
hour: from hence, thoſe for the minutes of an hour, the ſeconds of a 
minute, &c. are eaſily obtained. (303) 


The mean motion of a year of 365 days (viz. for the laſt of December) 
being doubled, tripled, and quadrupled, thoſe for 1, 2, 3, and 4 years 
will be obtained, adding one day's mean motion to the 4th year, it 
being leap-year, and containing 366 days: the motion for Jeap-yeac 
being increaſed by thoſe of 1, 2, 3, and leap-years, give thoſe for 
5, 6, 7, and 8 years: the mean motion for 8 years being increaſed by 
thoſe for 1, 2, 3, and 4 years, give thoſe for 9, 10, 11, and 12 years: 
and thus increaſing the mean motion for the laſt leap-year by thoſe of 1, 
2, 3, and 4 years, the mean motions may be continued for any number 
of abſolfite years. | (301) 


270. In the following tables the numbers uſed were, 
Length of the year 365d. 5h. 48m. 544. 
Yearly motion of the apogee, . 
Place of the apogee, beginning the year 1760, 3 8 47 25 
Greateſt equation of the Earth's orbit. 1 55 39 


271. Now 365 d. 5h. 48 m. 544{. = 365,2423003473 days. 
Then 365, 2423003472 d.: 360® : : 1d. : 0,98564 0613 degrees. 


Hence the mean motion for 1 day = 0* o 597 19” 45iv 54” So 
January th 5 days o 4 55 41 38 49 34 10 
January goth 30 days O 29 34 9 52 57 25 © 
March 3iſt do days= 2 28 42 29 38 52 15 o 
June 29th 180 days= 5 27 24 59 17 44 30 © 
December 26th 360 days 11 24 49 58 35 29 © o 
December 3ſt 305 days 11 29 45 49 14 18 34 10 


U 3 Naw 


294 ASTRONOMY. Book V, 


Nowr year's mean motion g 11.2945 400 14 181345 101, 


2 years =119 23120 23 279 © 20. 
3 years =5#r 2 57 -0-42 "59 $42 30. 
4, or leap year =0 © 149 17 o 11 30=3y.+1y,+1d, 
5 years =11 29 47 29 31 18 45 40=4y-+1y. 
6 years =11 29 33 9 45 37 19 So Ay. ＋T 2. 
7 years =11 29 18 49 59 55 54 OZ4y.+3y- 
8 years B =0 Þ 338 36 023” C©=ah KS 
20 years B =o Þ:' 9 0 234 0 $7 0 hR% 
1CO years B =0 0452 $' 467 PSREEAS 


1900 years B = 0 7 35 20 50 47 55 OS loo; . Xx 10. 
Where B ſtands for biſſextile, or leap-year. 


272. But to find the mean motions for the years related to any par- 
ticular epocha, the mean motion for ſome particular time in that epocha 
muſt be known. Thus, 

Let the mean motion of the Sun be determined by obſervation (or 
otherwiſe) when the Sun is in ſome noted point of the ecliptic, ſuppoſe 
near Aries: or let the time of its entrance into the ſign Aries be well 
aſcertained. Take the difference between the time — that ingreſs and 
the 31ſt of December at noon, in days, hours, minutes, and ſe- 
conds (reckoning the end of the 31ſt of December to be the be- 
ginning of January at noon, ) and find the mean motions for thoſe days, 
hours, minutes, and ſeconds, and it will ſhew the motion from Aries, 
for the 31ſt of December, or the mean motion at the beginning of 
the year propoſed z or the radix for that year with relation to the pro- 
poſed epocha, 

The relative mean motions for one year being known, thoſe for any 
number of ſucceeding years belonging to that epocha, may be had, by 
adding ſuch of the before found abſolute years to the firſt relative year, 
as will make the number wanted: and the mean motions for any paſt 
year of that epocha will be found by leſſening the radical years by 
ſuch a number of the abſolute years, as will produce the relative years 
required, : (302) 

And in this manner are tables conſtructed, by which the mean mo- 
tions of the Sun for any time, paſt, or to come, may be computed. 

273. Suppoſe in the year 1760, the Sun entered Aries on the 20th 
of March, at 13h. 42 m. 35. P. M.: required the Sun's mean motion 
for the beginning of the year 1760. 

Now 1760 being leap-year, February has 29 days, and from the 
equinox to the commencement of the year is 80d. 13 h. 42m. 34s. 
Then 1d. : o, 9856470613 deg. :: 80 d. 13 h. 42 m. 3. : 79,41444 
&c. degrees. 

Therefore at the beginning of the year 1760, the Sun's mean longitude 
was 25 19* 24' 52” ſhort of Aries; or his mean longitude was 9* 109 35/ 
8% which is the radical mean place for the year 1760. 


274. II. Of the mean motions of the Sun's apogees. (3o1l, 302) 


The yearly motion of the apogee being determined (241); the mo- 


tion for any number of abſolute years will be that multiple of one 
year's 


Cz 


— 1 


z 
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year's motion, and ſo for any part of a year: the monthly motions will 
be 5 ſeconds for ſome months, and 6 for others, to make 65 in the 12 
months. 

Let the time of the Sun's paſſage thtough the aphelion be accurately 
determined by obſervation (250), and allo its place in the ecliptic z 
then the diſtance of the place of the apogee from Aries will be known 
at that time: let this diſtance be leſſened by the apogee's motion from 
the laſt day of the year preceding the propoſed epocha to the time of 
the apogeon paſſage, and the mean motion of the apogee will be known 
for the beginuing of that year, taken as a radix. | 

hen that radical mean motion, increaſed by the multiples of the 
yearly motion, will give thoſe for ſucceeding years; but being dimi- 
niſhed by thoſe multiples will give them for paſt years. 

be Sun's mean motion for any time, leſſened by that of the apogee 
for that time, gives the Sun's mean anomaly. 


275. III. Of the equation of the Sun's center. (305) 


To every degree of the firſt ſix ſigns of mean anomaly aſſumed, 
find the true anomaly (253, 254): the difference between the mean 
and true anomalies will be the equations of the center to thoſe de- 
grees of mean anomaly ; which ſerve alſo for the degrees of the laſt fix 
fines; as equal anomalies are at equal diſtances on both ſides of either 
apſide. 

"Ser the equations of the center orderly to their ſigns and degrees of 
anomaly, the firſt ſix being reckoned from the top of the table down- 
wards, and ſigned at top with the title ſubtract; the laſt fix, for which 
the ſame equations ſerve, but taken in a contrary order, viz. from the 
bottom of the table reckoned upwards, are ſigned at bottom with the 
title add; and let the difference between every adjacent two equations, 
called tabular differences, be ſet in another column. 

From theſe equations of the center, augmented or diminiſhed by the 
proportional parts of their reſpective tabular differences for any given 
minutes and ſeconds, are deduced equations of the center to any given 
mean anomally. 

276. Aſtronomical tables are uſually computed to anſwer to two 
given denominations only; as to ſigns and degrees: degrees and mi- 
nutes; months and days; & c.: for if made to more names, {ach tables 
would ſwell into a bulk ſo great, as to be tedious to compute, expen- 
ſive to print, and of no great advantage in the uſe ; but it generally 
happens in calculations, that numbers are wanted from tables to anſwer 
to given numbers of three, or more denominations as to ſigns, degrees, 
minutes, and ſeconds ; months, days, hours, minutes, and ſeconds ; 
&c. : and to obtain from the tables numbers anſwering to all the given 
names, the tabular numbers are to be increaſed or diminiſh d by a pro- 
portional part of their difference. 


Thus. To find the equation of the center to 4* 219 44“ 36“? 
Now the equation to this number will fall between thoſe belonging 
3 21 and 4* 22%; which equations are 113“ 50“ and 1® 12“ 24” (205 
Their diff. is 1” 35” =95”; the Pepe of which is to be taken for 44 36”. 
4 An 
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And as the diff, 1 or 60“: diff. 95“: : 44,6: 70",6=1” 11” the pro- 
rtional part | | 
ow to 4 2100“, 19 13' 59” is the equation of the center, 

And to o 04436, 1 11 1s the prop, part to be ſubtracted. 


Then to 4 2144 36, 1 12 48 is the equation of the center, 


When the tabular numbers are increaſing, the proportional part is 
to be added; but when decreaſing, the proportional part is to be ſub- 
trated. | 


1 IV. Tables of the Sun's true place. (308) 


The Sun's true place at any propoſed time is thus found. | 

Collect together the mean motions of the Sun, and alſo thoſe of the 
apogee, for the given year, month, day, (hour, minute, and ſecond, 
if given) ; and their ſum will be the mean motions of the Sun and its 
apogee. 
2 e Sun's mean motion, leſſened by that of the apogee, gives the 
mean anomaly; to which ſind the proper equation of the center by 
proportioning for the minutes and ſeconds. 

Then the Sun's mean motion, augmented or diminiſhed by the equa- 
tion of the center, as the title of its table directs, gives the Sun's true 
Jongitude, or place, for that giyen time. EF 


The Sun's place thus found to every day for four ſucceſſive years, 
viz. for leap-year, and 1, 2, 3 years after; and thoſe places ranged 
under their proper years, according to their reſpective months and days, 
conſtitute the tables of the Sun's place. 

Theſe tables find the Sun's place at noon only ; but the place for 
any intermediate time is found by applying to the noon-place the pro- 
pertional part of the daily difference at that time. J 25 


278. To find the Sun's longitude, ſuppoſe on May 4, 1784, at the time of 
| TS + apparent noon ? 

In the table of the Sun's longitude (308) for 1784, againſt May 4, 
ſtands 1* 149 34' 09”, which ſhews that the Sun's longitude, reckoned 
from Aries, is 44 34' 09.5 or that his place is in $149 34 09”. 


But to find the Sun's place at any other hour, ſuppoſe on May 4th, 
at 7 h. 24 m. 36 f. apparent time proceed thus, 

The difference between the noon places of the 4th and 5th of May is 
8 of'=3480”, anſwering to 24 hours in time. (308) 
Then 24h. ; 7b. 24 m. 36 f.:; 3480: 1074”=17" 54”, the propor- 

tional part. 2 

And 1* 14* 34' 09“ T 17 54/1 14 52' 03”, the Sun's longitude at 

=. 7: | | 


279. Or, the Sun's place may be found by the tables of mean mo- 
Nons: | "ak i | | 


From 
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From the apparent time 7* 24/ 36” take the equation of time (316) 
equal to 3/ 33” and the remainder, 7* 217 3% is the mean time. 


1784. O's m. mot.(302)g*10946'03”7\ Mot. ap. 39 13 25 (302) 


* 4 6510 2 13 13 — (307) . 
7 hours 303 I7 Ig 3 13 47 m. apogee, 
21 minutes (303) 52 if. 10 1 : 1 m. =D 


3 ſeconds (303) - — 
— No to fio- 45 the equation of the 
O's mean longitude 1 13 17 23 |center is 1* 34 45” (305) 
Equat. center = 1 34 41 Andthe diff. is . 60: at. 

— |: : 3! 36": 4 the proportional part. 
Sun's true longitude 1 14 52 04 And 1934 45*—4"=1 34 41 equa- 
tion of the center, 


280. To find the Sun's longitude at any given time and place. 


Seek in the table of the longitudes of places, at the end of Book VI. 
for the difference of longitude between London and the propoſed place; 
and convert the diff. of longitude into time. 

If the propoſed placevis to the eaſtward of London, take the diff. be- 
tween the propoſed time and diff. of longitude, and this will ſhew the 
correſponding time at London; after noon, if the propoſed time is 


greater than the diff, of longitude; but before noon, if the propoſed 


time is leaſt, 

If the propoſed place is to the weſtward of London, the ſum of the 
propoſed time and diff, of longitude will be the correſponding time at 
London. | 

The Sun's place ſound to the correſponding time at London, will be 
the Sun's longitude ſought for the propoſed time and place. 

Thus. In a place 6h. to the eaſt of London, when it is 8 h. P. M. 
at that place, it is 2h. P. M. at London; and when it is 4h. P.M. 
at that place, it is 2 h. before noon at London. 

For when it is noon at London, it is 6h. P. M. at the other place. 


- 


Alſo, in a place 6h. to the weſt of London; when it is 8 h. P. M. 


at that place, it is 14 h. P. M. at London. 
For when it is noon at the propoſed place, it is 6 h. P. M. at 
London. 


281. V. Tables of the Sun's declination. (309) 


With each of the Sun's longitudes, already found, and the obliquit 
of the ecliptic, find the declination to each day of the four years. (139 

Or thus. To each degree of the three firſt ſigns of the ecliptic, taken 
as longitudes, find the declination (139): and of theſe declinations, 
regularly ranged to their ſign and degree, take the difference of each 
adjacent two, which ſet againſt them in another column; and this 
auxiliary table is prepared, anſwering to each ſign and degree of lon- 
gitude (306) : for to equal longitudes, taken on both ſides of each equi- 
nox, belong equal declinations, | 

Now theſe auxiliary declinations augmented, or diminiſhed (accord- 
ing as they are increaſing or decrealing, by the proportional uu 
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of their difference, for the minute and ſeconds in any given longitude, 
will give the declination for that longitude. 

And this being done for every day in the four years, uſing the longi- 
tudes alteady computed, will give the declinations ſought : which are 
to be ranged according to their year, month, and day. (399) 

282. To find the Sun's declination. Suppoſe on May 4, 1784, at noon. 
In the table of the Sun's declination: (309) for 1784, againſt May 4, 
ſtands 16* 137 40“ for the Sun's declination, which is N. as being be- 
tween the vernal and autumnal equinoxes, 

283. But if the declination was wanted on May 4, 1780, at 7 h. 
24 m. 36f. P. M. proceed thus. 

The difference between the noons of May 4 and 5, is 17 O, 
which anſwers to 24h. Then 24 h.: 17 0” ::7h. 24m. 36 f.: 5 15, 
the proportional part. 

And as the declination is increaſing; then 16* 13” 40” ＋5 15” gives 
16? 18' 55” for the Sun's decl. at the propoſed time. 

284. But art. 311 is a table for finding the proportional part at fight, 
for fitting the noon declination to any other time. Thus. 

Seek in the left-hand column for a daily difference, neareſt to the 
given one; againſt which, in a column marked at top with hours, neareſt 
to thoſe given, ſtands the proportional part ſought. 

Thus againſt 17 o” of daily diff. and to 7 h. 24 m. time ſtand 5' 15“ 
the proportional part ſought. 

Although this table goes no farther than 8 h., yet it may be applied 
quite to 12 h. or 180 degrees, 


285. Exam. I bat will be the Sur's declination at London, on the 25th 
of Auguſt, 1780, at 10h. 35 m. P. M.? | 


In 1780, the daily diff. between the noons of the 25th and the 26th 


of Auguſt is 20” 57” decreafing. (309) 
Now 10h. 35 m. is equal to 2h. 35 m. +8 h om. 
To the diff. 20 57“, and to 2h. 35 m., anſwers 2” 16”, (311) 


71 
. 


To the diff. 20” 57”, and to 8 h. om., anſwers 6' 59 
The ſum ꝙ 15” is the proportional part, by which the decl. 109 29/ 
2 Auguſt 25th, is to be diminiſhed ; ſo 109 197 54” is the decl. 
ought. 

Here 20' 57” is taken as if it was 21” 0”, 

And 2h. 35 m. is 2, the interval between 2h. 20 m. and 2h. 40 m. 
Now 21“ gives 2' 2” for 2* 207, and 2' 20” for 2" 407; the diff. is 18”, 
three fourths of which is 14”; and this being added to 2“ 2” gives 
2/ 16” for 217 with 2 35'. Moreover 21“ with 8 h. gives 7' 00”; but 
I take one ſecond leſs becauſe the daily diff. in declination is 3“ leſs 
than 217 00”. 

286. From the table of declination, fitted to the meridian of Lon- 
don, or Greenwich, the declination may be found at any time, under 
ny other meridian, at a given difference of lonzitude from London. 

hus. 


Required 
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Required the Sun's declination at noon under a meridian 1109 to the wiſt of 
London, on the 24th of February, 1784. | | 


(311) Now at 110% to the weſt of London, it is noon 7 h. 20m. 
aſter it is noon at London; that is, when it is 7 h. 20 m. P. M. at 
London, it will be noon at the propoſed place; ſo the declination found 
to that time at London (285) will be the declination ſought. 

In 1784, the diff. between the declinations of the 24th and 25th of 
February, is 22 15” decreaſing (309): and againſt 227 20” of daily 
diff., and under 110%, or 7 h. 20 m., is 6' 49” in table, art. 311, 
which taken from ꝙ 28” 13”, leaves 9 21' 24”, the declination ſought. 


Ex A. II. What is the Sun's declination on September 2d, 1780, at 20 b. 
30 m., under a meridian 1000 to the eaſtward of London? 


Now under a meridian 100? to the eaſtward of London, it is noon 
6h. 40 m. before it is noon at London (311); or when it is noon at 
London, it is 6 h. 40 m. after noowat the propoſed place; and when 
20 h. 20 m. after noon at that place, it is 13h. 50 m. after noon at 
London ; ſo the declination found at that time (285), will be the de- 
clination ſought. 

In 1780, the daily diff. at September 2d, is 227 5” (309), againſt 
which (in tab. art. 311), and under 8 h. and 5h. 50 m., ſtand 7 217 
and 5/ 217%, their ſum 12” 42” taken from the decl. to September 2, viz. 
7* 377 11%, leaves 79 24 29”, the declination ſought. 

Here 5 h. 50m. fall in the middle between 5 h. 40 m. and 6h. om. 
ſo 5 21” the middle between 5” 12” and 5“ 30“, is taken. 


287. VI. Tables of the Sun's right aſcenſion. (310) 


To the obliquity of the ecliptic, and each degree in the three firſt 
ſgns of longitude, find the right aſcenſions (139), and of each take 
the ſupplement. 

Range the right aſcenſions according to their ſign and degree for 
the three firſt ſigns; and for the three next ſigns, range the ſup- 
plements, ſo that the 4th ſign begins with the leaſt ſupplement, and 
the 6th ſign ends with the greateſt : becauſe the right aſcenſions in 
the 2d and 4th quadrants are the ſupplements of thoſe in the firſt and 
third, F 

Let the differences of theſe right aſcenſions, viz. each adjacent two, 
through the fix ſigns be taken, and ſet in other columns. (307) 

Then this auxiliary table, uſed like that of declination, will give the 
right aſcenſion to each day in the four years. 

288. To find the Sun's right aſcenſion, ſuppoſe on June 12 at noon, in the 
year 1784, at London. | 

In the table of the Sun's right aſcenſion (310) for 1784, 2 June 
12, ſtands 5h. 25 m. 10 f., which is the right aſcenſion ſought, and 
ſhews how much later the Sun paſſed the meridian of London than the 
equinoctial point Aries. | 

Ex am. 
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Ex AM. II. Required the Sun's right aſcenſion at London on the 2d of No- 
vember, 1784, at q h. 3om. P. A.? 


Between the 2d and 3d of November, 1784, the daily diff. is 3m. 
571. which anſwers to 24 h. Then 24 h.: 3 m. 571.::9h. 30 m. 
: 1 m. 34 f, the proportional part. 

Then the right aſcenſion on the 2d at noon, 14h. 33 m. 131. + 1m. 
34 f. gives 14h. 34 m. 47 f. for the right aſcenſion at the time required. 

By this table the right aſcenſion may alſo be found at any time in 
places that are to the eaſtward, or weſtward, of London, the difference 
of longitude of thoſe places being known ; by finding the time at Lon- 
don correſponding to the given time at the propoſed place, and fecking 
the right aſcenſion to that correſponding time at London. 

The table at art. 311, pages 222, 223, may be applied to the tables 

of the Sun's longitude and right aſcenſion, as well as to thoſe of the de- 

clination, for finding the proportional parts of the difference between the 

noon of adjoining days, which ſhall anſwer to any intermediate hours. 

Thus in the Ex. page 296 To find the pro. pts. of 58'to 5 h 24 m. 36. 

Now th of 58” is 14 30“; ; which falls between 14” 20” and 14 40”. 

And the time 7 h. 24m. 36 f. falls between 7 h. 20 m. and 7b 40 m. 

I be mean of the equations under 7 h. 20 m. and 7h. 40m. and againſt 

14 20” and 1440“, are 4 26” and 4 38”, their diff. is 12“. 

And 20: 12: : 4,6: 24: and 4' 26” + 24=4/ 283 the pro. pts to 3 of 
8”. 

Then the proportional parts to 58”, are 17 34”. | 

Again. In the Exam. page 300. To find the parts proportional to 3 m. 

57 f. as 9h. 30 m. is to 24. 

Here 3m. 571. being taken as 4m.; and 4h. 40m as the halſ of gh. 30m. 

The equation is 47“; which doubled gives 1 34” tor the proportional 

parts required, 


289. VII. Of the right aſcenſions and declinations of the fixed Stars, 
(312) 

This table, which contains 120 of the principal fixed ſtars, a 60 
having north declination, and 60 with ſouth declination, are fitted to 
the year 1780; and are ſelected partly from the catalogue which is given 
in the Nautical Almanac for 1773, as deduced from Dr. Bradley's Ob- 
ſervations ; and partly from that given by M. de La Caille, which, he 
ſays, are all derived from his own obſervations made, during ten years 
„attention to this buſineſs, either at Paris, or at the Cape of Good 
Hope; that the poſitions are aſcertained with all the accuracy that 
could be derived from the modern Aſtronomy ; and that he had all 
„ proper helps, with regard to inſtruments, aſſiſtants, and convenience, 
« and neither care or pains were wanting to perfect the work. 

The right aſcenſions were determined by a multitude of corre- 
<« ſponding altitudes of each, taken with a quadrant of three feet radius, 
<« to have their paſſage over the meridian with the greateſt exactneſs. 
% Almoſt all the ſtars in the northern hemiſphere have been compared 
« with the bright ſtar in the Harp; and thoſe in the ſouthern hemiſphere, 
« with Syrius; that is to ſay, on each day that the time of the ſtar's 
« paſſing the mergdian had been found by equal altitudes, that of 
« « Lyrz and Syrius were found in like manner; the right aſcenſions of 
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ce theſe two ſtars having been ſettled by a great many obſervations taken 
„ when they were in the propereſt ſituation for this purpoſe. 

The declinations have been deduced from a ſufficient number of 
© obſervations of their zenith diſtances, taken with an inſtrument of 
e ſix feet radius, made with great care for this purpoſe.” 

The table conſiſts of ꝙ columns; that on the left hand contains the 
name of the conſtellation ; the next ſhews in what part of the conſtel- 
lation the ſtar is; in the 3d are the names by which certain ſtars are di- 
itinguiſhed : the 4th column ſhews the Greek characters by which the 
Gar is marked in the cceleſtial charts, or maps of the conſtellations ; 
the 5th ſhews the magnitude of the ſtars; the 6th and 7th contain 
the right aſcenſion in time, reckoned from Aries, and the yearly varia- 
tion in right aſcenſion ; the 8th and gth contain the declinations ard the 
yearly variation in declination z where thoſe which are marked + are aug- 
mented by the yearly variation ; but thoſe which have the mark - an- 
nexed, are to be diminiſhed by the variation : by the help of theſe 
yearly variations the right aſcenſions and declinations of theſe ſtars may 
be fitted for ay diſtant year. | 

Precepts for finding the culminating of the ſtars are at articles 133, 134. 


290. VIII. Tables of the Equation of Time. 


In page 318 are three tables, articles 313, 314, 315: Article 313 is 
a table of the Sun's right aſcenſion in degrees, to each degree of lon- 
gitude in the firſt quadrant of the ecliptic ; and alſo the differences 
between thoſe longitudes and right aſcenſions. The table, art. 314, 
contains the ſaid differences turned into time (132), of minutes, ſe- 
conds, and the tenth part of ſeconds: the numbers in this table are 
the differences between the mean and true noons, ariſing from the ob- 
liquity of the ecliptic (267); and the table, art. 315, is nothing more 
than the equations of the center, table art. 305, converted into time; 
and are the differences between the times of the mean and true noons, 
ariſing from the eccentricity of the Earth's orbit: theſe two equations af 
time, properly put together, conſtitute another table, art. 316, of the 
abſolute equation of time with relation to the place of the Sun's apogee, 


291. To conſtruct the table 316, of the abſolute Equation of Time, 


iſt, To the given time find the Sun's true place, or aſſume a place. 

2d. The difference between that place, and the place of the apogee, 
gives the Sun's true anomaly. 

zd. From the true anomaly find the mean. (294) 

4th. In table I. 314, ſeek the equation of time to the Sun's place. 

5th. In table II. 315, ſeek the equation of time to the mean ano- 
maly. 

beh. The ſum, or difference of theſe equations, according as their 
titles, or ſigns ditect, will be the abſolute equation of time to the Sun's 
place found at firſt, or to the correſponding time. 

The tables, articles 314, 315, are made only to whole degrees of 
longitude and anomaly ; the proportional parts of the differences are 
to be taken for minutes or ſeconds, above whole degrees of the Sun's 
longitude and anomaly. | 

292. Exan, 


— Mow — — 


. And+3 m. 461. —7 


anomaly give the fhean anomaly, 
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292. 22 I. What is the Equation of Time, when the Sun's longitude 
„ 7” 19* | , | 

fn table, art. 316, againſt 127 in the outſide column, and under m, 
or 7 ſ., ſtands — 16 m. 12f.; which ſhews that 16 m. 12f. is to be 
ſubtracted from the apparent time; to give the mean time of apparent 
noon, or the time which ſhould be ſhewn by a good clock, when the 
Sun's center is on the meridian, 


293. Exam. II. What is the Equation of Time when the Sun's longitude 
is 4* 24* 30“ 42“? 

The difference between the equation in table, art. 316, to 4* 24 
and 4* 25, is Ly decreaſing ; and 300 42“ 30, 7“. 
Then 60“: 30,7“ :: 1 8. : 6,65 or 7*, the proportional part decreaſing. 

.= +3 m. 391., the equation ſought, 

So 24 h. the apparent time of ſolar noon, increaſed by 3 m. 39 f. will 
give the mean time of noon. 


If the time was given, viz. the month, day, hour, &c., to find the 
F 12 
To the given time find the Sun's longitude. (278) 


Then to this longitude find the equation of time, as above. 


294. To find the mean anomaly from the true being given. 


SOLUTION, Say, As the ſquare root of the perihelion diſtance, 
| To the ſquare root of the aphelion diſtance 

So the tangent of half the true anomaly, 

To the tangent of half the excentric anomaly, 
And As radius, to the ſign of the excentric anomaly, 

So the degrees in an arc equal in length to the 

eccentricity, | 
Too the degrees, &c. in the arc of correction. 
The correction added to the excentric anomaly gives the mean 
anomaly. 


295. RENMARKS. iſt. The greateſt equation of the center being 
taken at 1 55 39”, the eccentricity (249) will be o, 1682; the aphe- 
lion diſtance will be 1, 01682, and the perihelion o, 98318. 

Hence the ratio of the ſquare root of the perihelion diſtance to the 
ſquare root of the aphelion diſtance will be expreſſed by the logarithm 
©,00731 ; which conſtant logarithm, added to the logarithmic tangent 
of + the true anomaly, will give the logarithmic tangent of I the ex- 
centric anomaly. 

296. 2d. In the ad proportion, the arc equal to the length of the eg- 
centricity 1682 1s a conſtant quantity. 

Now the radius, or mean diſtance, is equal to the length of an arc of 
57*,29578 (249); then 100000 : 1682 :: 57 29578: 09,9537 5, the 
length of the eccentricity in degrees; the conſtant logarithm of which 
is 9,98 396, which added to the logarithmic fine of the excentric anomaly, 
abating 10 in the index of the ſum, gives the logarithm of an arc, the 
degrees, minutes, and ſeconds of which being added to the excentric 
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297 IX. Table of correftions for the middle time bettpeen equal al- 
|  titudes of the Sun. Art. 317. '? 


This table, which is fitted to the latitudes of 309, 409, 50%, and 60, 
will alſo ſerve, nearly, to all latitudes between 25 and 659; by en- 
tering the table with the neareſt latitude to that given, and che given 
declination in degrees. It is conſtructed by art. 216. | 


Ex AM. I. In latitude NM, when the Sun's declination 1s 16 N., 
and the interual hetween the moruing and afternom obſervation is g hours - 
what correttian muſ be applied to the middle time, ta give the time of ap- 
parent nan? | | TEE: 


In the table, art. 317, againſt 160 of declination taken. in the outſide 
column, and under 50% latitude, and 5 hours, with N. declination, 
ſtand 12 ſeconds ; which 12 ſ. applied to the middle time hetween the 
obſervations; give the time when the Sun was on the meridian. . 

The correction is applied to the middle time by the precepts at the 
bottom of the table. | | | 


298. Exam. Il. In latitude 50 N., on November 16th, 1761, obſer- 
vations at equal altitudes of the Sun-were taken at the fallowing times ſhewn 
by a clock, the equal altitude inſtrument having three berixontal wires. 


Morning obſervations. | Afternoon obſervations. 
© preceding limb © following limb © preceding limb © following limb 
gh 28" 55 95 35" 213 1d 46 431“ 1d 5 zu 20%” 
9 32 402 9 39 235 1 50 532 1 57 285 
9 36 444 1 go ay 1 54 56 2 1 20% 
m / 17% 
Now 2 . ein 45 74” | 
the mean = x 145 
„ 87.6% dy the preced- 
| | 2 | ing limb, 
9 36 44+ +1 53 303 +12 _ x 
N il 44 7 J 


X 2 7 
Again 9 3c 212 — 54 6. $19. 45 81 | 


9 39 23x +1 50 533 +12 11 45 81 
61 


2 ? 
943 39 +146433 +12, 43 | 
2 


2 
9 32 46+ +1 57 283 412. 


the mean 1145 
8” by the following 
limb. 


The mean time of obſervation from both limbs is 11 b. 45 m. 5,8 f. 
The declination on the day of obſervation is 198. nearly; the inter- 
val between the obſervations is about 4 hours; and theſe give + 14 ſe- 
conds for the correction of the middle time. 
So the Sun was on the meridian when the clock ſhewed 11h. 45m. 27, 8. 
The Sun's place, at that time, was 7* 24* 26 46” nearly. 
In table 316, to 7* 24* the tabular difference is 12*, decreaſing, 


Then 
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Then 60“: 26,5 :: 12f.: 5,35 {.; and + 14 m. 56.— 5 f. +14 m. 
505 ſ., which is the equation of time: hence 11 h. 45 m. 21, 8. + 14 m. 
o, 6 f. 12 h. o m. 12, 4 f. 
hich ſhews that the clock was 12 f., nearly, too faſt. 


299. X. Tables of Refraftion and of the Sun's parallax. (318,319) 


Theſe tables are the reſult of the experience of ſome of the moſt 
eminent Aſtronomers. By the refraction of the atmoſphere objects 
appear more elevated than they really are, and therefore the apparent 
altitude is to be diminiſhed by the refraction, which is greateſt near the 
horizon, and gradually diminiſhes towards the zenith, where there is 
no refraction. The parallax in altitude is the difference between the 
altitude of an object, as ſeen from the center and ſurface of the Earth, 
that from the center being the true altitude, and the greateſt, except 
at the zenith, where parallax vaniſhes ; therefore the apparent altitude 
is to be augmented by the parallax. 


ExAM. The Sun's apparent altitude was obſerved to be 18® 34' 48”; 
what was his true altitude? LY 


Apparent altitude 18 347 48” 7 Refraftion 2 47” — 
Correction is — 2 38 {Parallax 34 


Sun's true altitude 18 32 10. 
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300. 


ASTRONOMICAL TABLES, 


Fitted, in general, to the meridian of G REE NWI1CH., 


Aft. 
I. Mean motions of the Sun and Apogee for years. (301) 
IL. Mean motions of the Sun and Apogee for radical years. (30: 


III. Mean motions of the Sun for hours, minutes, and ſeconds. | (303) 


IV. Mean motions of the Sun and Apogee for months and days, ( 394) 
V. Equations of the Sun's center. © is ' (305) 


VI. Sun's declination to ſigns and degrees. | (386) 
VII. Sun's right aſcenſion in time to figns and degrees, - (3070 
VII. Sun's longitude to each day for the years 1784, 1785, 1786 85 
and 1787. | | | - e 
IX, Sun's declination to each day for the ſame four years. 
X. Sun's right aſcenſion to each day for the fame four years. | (3x0) 


XI. To'fit the tables VIII. IX. X. to any meridian. © | (2337) 

XII. Right aſcenſions and declinations to 120 fixed ſtars. —- |, (322) 

XIII. Sun's right aſcenſion in degrees, &c. to ſigns and de- 
rees of longitude. T 


XIV. Equation of time on the obliquity of the ecliptic. 14 
XV. Equation of time on the eccentricity-of the-Earth's orbit. (315) 
XVI. Abſolute equation of time, to the Sun's longitude. (316) 
XVII. Correction of the middle time between equal ingen (377 
XVIII correction of altitude for refractions. XP” : ( 35 
XIX. Correction of the Sun's altitude for his parallax. (319) 


The tables of the Sun's place, declination, and right aſcenſion, are 
fitted to the years 1784, 1785, 1786, 1787; and will ſerve in moſt 
nautical operations as well for the four years preceding, viz. 1780, 
1781, 1782, 1783, and alſo for the four years following, viz. 1788, 
1789, 1790, 1791, as is mentioned at the heads of thoſe tables. 
But as a Nadel Almanack is publiſhed yearly under the direction of 
the commiſſioners of longitude, the tables contained therein ſhould be 


conſulted in caſes where the utmoſt preciſion is neceſſary. 
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312. TABLE of the RicuT AscExNSsTLoxSs and DECLI NATIONS of ſixty 
STARS in the Northern Hemiſphere ; ſor the year 1780. 


8 Wees is abe - = — Rt Aiccu. Vas. Decal, Y carly 
Conſtellations. . Names. AE * time. | Var. | North. | Var. 
Po BY N *. . ſ. "WW , h Bans” 
: patus Enoing vi the Wing 7] 2] © 1 5] 3.08013 57 3620, 04 
Ceſſiopea Bie- Schedar «| 32] 0 28 PJ 3,41155 19 4E[19,91+ 
Pole Star Alruccahah |a| 2] 0 47 43j10,05148 7 57116,69+ 
Andromeda [Girdle Mirach 6 2| © 57 29] 3,30134 26 5679.45 
Aries Preceding Horn 83 1 42 32] 3,28{19 43 32118,10+4- 
4ndromeda [Font Almaath 7| =] 1 50 20 3,62}41 15 54417.80+{[ 
Anes Following Horn 4 3] 1 54 40 3,34122 24 $2117,04+ 
Whale Following in the Cheek 7] 3] 2 31 $6} 3,12] 2 17 5915,86 | 
Jaw [Menkar « | 2] 2 50 4*| 3,13} 3 12 5614, 0 
Meduſa Head {Age 8] 2| 2 53 56] 3,85!49 $5 37114463+ | 
Perſeus Brighteſt Aigenib 44 2| 3 42 4,2049 3 44 
Taurus Brighteſt in Pleiades n] 3! 2 34 27] 43,55/23 24 18 
Perieus Kaee 23 3 43 ©$| 3.9438 21 24 
Taurus Firſt of the Hyades >| 3} 4 7 18} 3.39 is 4 51 
Northern Eye 23415 48 3,48ʃ18 40 32 
Southern Eye Aldebaran «| 1] 4 23 19 3,4316 3 6 
Auriga In the Goat Capella «| 1] 5 © 28 4,0045 44 45 
Taurus Northern Horn 62 5 12 24379028 24 13 
Otion Weſt Shoulver Beiiatrix 712 5 13 21] 3,22] 6 $ 2 
Eaſt Shoulder Betelgueſe a 1] 5 43 16] 2,25) 7 20 56 
Auriga la the Hand | 9] 3] 5 44 43! 4, 937 10 36 
Gemini Foot uf Pollux >| 3j © 25 00; 3,47/116 34 9 
Knee of Poilux | 3} 6 51 3+} 3,58jz0 52 38 
Brighteſt in the Read ICaſtor al 2| 7 20 33 3,8832 21 8 
— — — — —1—— — — - 
Little Log [Brighteſt Procyon «| 1] 7 27 48| 3,200 5 46 56 
Gemini Head of Pollix Pollux Bl 2] 2 31 510375 3 32 29 
Great Bear North Paw v1 3] 3 44 4] 4425143 53 29 
Cancer In the Claw Acubens «| 3| 8 46 27| 3,2402 41 50 
Great Bear [Preceding Knee 0] 31 9 18 5 4.23/52 40 21 
Leo North in the Head 4 31-9 40 13] 347127 1 58 
in the Heart Regulus «| 1} 9 56 39 3924113 2 6 
Great Bear [Lower Pointer 8 2j10 48 29] 37457 33 25 
Upper Pointer Dubhe a | 21/10 50 of 3,8862 56 os 
Leo in the Tail 32011 37 50 3, icli 48 + 
Great Bear |S following in the Square 7121 42 10] 3,2454 55 4 
Laſt in the Square I 2j12 4 27] 3-051]55 15 25 
ut in the Vail Altatia « | 2112 44 17] 2,6c|,7 9 25 
Middle of the Tail +] 2j13 15, 2 2,44[56 4 46 
c Laft in the Tail Benetnach |» | 2/13 38 52| 2,450 25 0; 
Dragon In the Tail «| 2113 58 27 1,62155 25 54 
Bootes Skirt of the Coat Arcturus 41014 5 40 2,820 22 3c17,16—|f 
In the following Thigh Mirach 6 3 14 35 28 2,6: 23 o 2- 15,67— 
Crown | The brighteſt Aiphacca 4a 2115 25 23] 25427 28 oo, | 
Serpent la the Neck « | 2115 33 27] 2,94] 7 7 48112,03— 
Hercules Preceding Shoulder 2 | 4116 20 48| 2,5901 58 52] 8,51— 
Following at the Side e| 3116 51 52] 2,2931 15 43] 5˙96— 
The Head Raſ. Algethi | a | 2j17 4 3$| 2,74{14 39 18] 4487— 
Ophiucns The Head Raf. Alhague a 2117 24 43 
Dragon In the Head Raſtaden 712117 51 31 
Hat p The brighteſt Vega a | 1118 29 29 
| Following in Lozange T| 3118 46 49 
Eagle Preceding Wing 9 3j19 14 24 
The brighteſt Altair 4 2119 40 02 
Swan The Breaſt 7 | 3j20 14 20 
The Tail Deneb a | 2120 33 56 
Cepheus Preceding Shoulder Alderaimin [a 321 13 19 
Pegaſus The del E 3122 30 29 
The Thigh Scheat 81 2022 53 8 
| The Wing Markab | 4 21:22 53 46 
Andromeda The Head 4 | 2124 7 2 
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312. TA8LE of the Rur Ascensions and DECLINATIONS of Sixty 
STARS in the Southern Hemuphere ; for the Year 1780. 


— 


—: — — — —4— 
| 8 St. Atcen [Y car. Den ab I 
— of the Stars in chi mes. | = |; | in time. [Var. Suth. Varlat 
| Conſtella ions. sp. m. (. AD 4 
phenix e Head 2420 15 22] 3% 43 29 439.05 — 
Whale Brighteſt in the Tail 6120 32 32Þ 3,019 11 509,86 — 
Phenix Chigh 3 3] 0 56 15] 2573/47 54 $3]19,46— 
; Following Wing »| 3] 1 28 49] 2467/44 26 $2118,90— 
. ource of the River Achernar «| >| 1 29 31] 2,2058 21 3/18, 56 — 
Whale Preceding Jaw 3 T] 3] 2 28 13] 3,07 2 16500 — 
Eridanus Near the Whale 81 3 5 2929 38 55/13 92— 
The following 31313 32 44 2,8810 31 30/1, o8 — 
. The fourth Bend »| 3] 3 47 46] 2,8014 8 471,01 
Goldfiſh in the Tail 'a | 3] 4 29 15} 28055 30 20] 7,76 — 
Orion Bright Fort Rigel Bl 1] 5 3 53] 2,89 8 28 11] 4,94 
receding in Belt i F] 2| 5 20 47] 3-©7| 0 28. 4 3,50= 
| Middle of Belt 12 5 25 4} 05/ 1 21 30] 3,13— 
Laſt in the Belt | C| 2| 5 29 41] 3,04 2. 4 27) 277 
Dove Preceding of the brighteſt a| 2| 5 31 43] 2420134 12 6} 2,56— 
Orion a the Knee *| 3 5 37 20 2,859 45 35] 10 
Dove ' {Following of brighteſt 81 31 5 43 13] 2511035 51 511 1. 65} 
Argo he brighteſt anopus «| 1] 6 19 5! 1.34\52 34 57 1,6o+ 
Great Dug be brighteſt Sinus a| 1] 6 35 23) 2,609½6 25 8 3,107 
In the buck 912 6 59 27 245|26 7 37 508+ 
| a the Tait "| 2| 7 15 24] 2,388 53 f 6,42+ 
| Argo In the Poop 2127 55 52} 212139 23 28 9,62+ 
| Preceding in the Hull y| 2] 3 2 46 185/46 41 40[10,16+ 
3 Brighteſt in the Middle >| 2] 8 33. 36/1513 54 (241124734 
Bright among the Oars 2} 1| 9 10 44} 9475168 48 5<114,79+ 
Female Hydra The Heart Alphard a | 2{ 9 16 47] 2,96| 7 42 5 8614 ö 
Argo Notthern in Section 2110 36 344 2,27 58 31 59 13,68 + 
Centaur receding in the Crupper >| r 57 3] 3,06% 29 40j20,04+ 
Croſs receding Arm 21 3a 3 35] 3,10% 31 31120,04+ 
The Foot a| 12 14 33] 3.2261 52 480,01 
© wh be Head y| 2112 19 4] 3,2455 52 42[19,99 + 
Centaur Top of the Crupper y1 2112 29 30] 3.2747 44 5019,89 
Croſs Following Arm 8 2072 35 2| 3.42153 29 31,834 
Female Hydra|The Tail y| 3ji3 7 ©o| 3,2222 © 22j19,22 + 
Virgo The Sheaf Virgins Spike « | 1113 13 38| 3,15j10 © 2409,00 
Centaur Preceding Leg Is 2112 48. 30) 409/59 17 59 1791+ 
3 South in the Shield 3114 21 37] 37/5/41 10 42 16,43 ＋7 
| | Bright in the Foot a | 1114 25 2 441159 55 17116,26+ 
Libra Southern Scale Zubeneſch [a 2114 38 45| 3,3105 6 55/˖5 50 
| Centaur Following in the Head „304 44 56 3,8441 12 215,77 
| Liora Northern Scale Zubenelg. |8| 2[15 5 12] 322 8 33 31/3,9321 
Southern A [The Vertex 9 aþ15 35 86 1% 4 31,884 
Scorpio _ Middle of the Forchead 1 3 15 47 210 3,531 53 42j11,00+ 
N. in the Forehead B| 2115 52 41] 3,47½9 11 1/10, 70 
Ophiucus [Preceding Hand F| 4116 2 50 3-14] 3 6 45 9,89 
Scorpio ſThe Heart Antares « | 1116 15 57] 3.6603 55 32] 8,904 
Firſt Joint in the Tail | 3116 35 58] 3.90033 52 23] 7,34 
Opbiucus [Following Knee n| 2116 57 47 3.44/15 26 14] 5452+ 
[Alar ia the Middle a | 3j17 14 $2| 4,61% 40 3t| 4412+ 
Scorpio Bright at Tail's End X 3117 13 42 4,0 z6 55 22 177+ 
Sixth Knot in the Tail « | 3117 32 23] 4 18/40 1 7 2, 60+ 
ll Sagittarius S. End of the Bow s | 2118 9 435] 4,0034 27 58] 0,792— 
a Preceding Shoulder 89 13 18 41 37 3773 26 32 57 3554 — 
4 Following in the Head T| 2113 56 41] 3,581 21 1] 4,80=—|} 
Caprico'a in the following Horn a 320 5 54 3.35/13 12 4470.40 
Peacock The Eye a 20 8 8 4z8<|57 25 nf -0,44— 
Capricon In the t orchead Bj 2120 8 37 3+35|15 27 43 10, (0 — 
ö Crane Preceding Wing a |'2j21 54 18] 3,9: 48 0 5117,00 — 
> Aquarius Following Arm »| 3]:2 10 15] 341+] 2 29 23/17,70—; 
{Southern Fiſh[The Briphteſt Fomalbault bas | 1122 45 op 3.33030 46 55 18.97 — 1 
= — CEE — — — — 
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316. TapLr of the Abſolute Equation of Time, fitted to 
each fign and degree of the Ecliptic, 


Place of the Apogee 25 90 · Obliquity of ecliptic 330 28', 
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The equations with +, are to be added to the apparent time, to have 
the mean time; thoſe with -, are to be ſubtracted from apparent for 
mean time. 


The preceding mark, whether + or —, at the head of any column, 
belongs to all the equations in that column until the ſign changes; and 


' thoſe columns having two ſigns at the head, ſhew that the preceding 


ſign changes to the following ſomewhere in that column, 
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317. TaBLz of Corrections for the Middle Time between the 
Equal Altitudes of the Sun. 
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Definitions and Principles. 


1. EO GRAP H is che art of deſcribing the figure; magni- 
08 tude, and poſitions of the ſeveral parts of the ſurface of the 
Earth. 
2. The EarTH is a ſpherical or globulat figure“, and is uſually 
called the terraqueous globe. } 
3. There are two points on the ſurface of the terraquegus globe, 
called the Pol Es of THz EarTH, which are diametricaliy oppoſite to 
one another : one is called the north pole, and the other, the ſouth pole. 


r 
3 — — 


* For in ſhips at ſea the grit parts of them that become vifible are the 
upper ſails: and as they approach nearer; the lower fails appear; and fo on 
until they ſhew their hulls. | | | | | 

Alſo ſhips in failing from high capes, or head lands, loſe ſight of thoſe 
eminentes gradually from the lower parts, until the top vaniſhes; 

b Now as thefe appearances are the objecls of our ſenſes in all parts of the 
arth; 
Therefore the ſarface of the Earth moſt be conver. 

And this convexity is, at ſea, obſerved to be every Where vniforn. 

But a body, the ſurface of which is every where uniformly convex, is a gl5be. 

Therefore the figare of the Earth is globular; 
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In order to deſcribe the poſitions of places, Geographers have found 
it neceſſary to imagine certain circles drawn on the ſurface of the Earth, 
to which they have given the names of Equator, Meridian, Horizon, 
Parallels of latitude, Cc. 

4. The Eu Aro is a great circle on the Earth equally diſtant from 
each pole, dividing the terraqueous globe into two equal parts; one 
called the northern hemiſphere, in which is the north pole; and the other, 
containing the ſouth pole, is called the ſouthern hemiſphere. 

5. MERIDIANS are imaginary circles on the Earth paſſing through 
both the poles, and cutting the equator at right angles. 

Every point on the ſurface of the Earth has its proper meridian, 

6. LATITUDE is the diſtance of a place from the equator, reckoned 
in degrees and parts of degrees on a meridian. 

On the north ſide of the equator it is north latitude ; and on the 
fouth ſide it is ſouth latitude, 

As latitude begins at the equator, where it is nothing; ſo it ends at 
the poles, where the latitude is greateſt, or go degrees. 

7. PARALLELS OF LATITUDE are circles parallel to the equator, 

Every place on the Earth has its parallel of latitude, 8 

DirFERTNCE OF LATITUDE is an arc of a meridian, or the leaſt 
diſtance of the parallels of latitude of two places; ſhewing how far one 
of them is to the northward, or ſouthward, of the other. 

The difference of latitude can never exceed 180 degrees, 

8. In north latitudes, if about the middle of the months of March 
and September a perſon looks towards the Sun at noon, the ſouth is 
before him, the north behind, the weſt on the right hand, and the eaſt 
on the left: and in ſouth latitudes, if the face is turned toward the Sun 
at the ſame times, the north is before, the ſouth behind, the eaſt to the 
right, and the weſt on the left, 


In latitudes greater than 234 degrees, theſe poſitions, found at noon, 
will hold good on any day of the year, 

9. LoNG1TUDE of any place on the Earth is expreſſed by an arc of 
the equator, ſhewing the eaſt or weſt diſtance of the meridian of that 
place from ſome fixed meridian, where longitude is reckoned to begin. 

10. DIFFERENCE OF LONGYTUDE is an arc of the equator, inter- 
cepted between the meridians of two places, ſhewing how far one of 
them is to the eaſtward, or weſtward of the other, | 

As longitude begins at the meridian of ſome place, and is counted 
from thence both eaſtward and weſtward, till they meet at the ſame me- 
ridian on the oppoſite point of the equator ; therefore-the difference of 
longitude can never exceed 180 degrees. 

11. When two places have latitudes both north, or both ſouth ; or 
have longitudes both eaſt, or both weſt, they are ſaid to be of the ſame, 
or of like name: but when one has north latitude, and the other ſouth ; 
or if one has eaſt longitude, and the other weſt, then they are faid ta 
have contrary, or different, or unlike names. 

12. The Hor1zoN is that apparent circle which limits, or bounds, 
the view of a ſpectator on the ſea, or on an extended plain; the eye of 


dhe ſpectator being always ſuppoſed in the center of his horizon. 
4 When 


r rr 
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When the Planets or Stars come above the eaſtern part of the horizon, 
they are ſaid to riſe ; and when they deſcend below the weſtern part, 
they are ſaid to ſet. . | | 

When a ſhip-is under the equator, both the poles appear in the hori- 
zon 3 and in proportion as ſhe falls rowards either, or increaſes her lati- 
tude, that pole is ſeen proportionally higher above the horizon, and the 
other diſappears as much: but when a ſhip is ſailing towards the equa- 
tor, or decreaſes her latitude, ſhe depreſſes the elevated pole; that is, 
its diſtance from the horizon decreaſes, 


Of the diviſion of the Earth into Zones. 


13. A ZoNE is a broad ſpace on the Earth, included between two 
parallels of latitude. 

There are five zones; namely, one Torrid, two Frigid, and two Tem- 
perate; theſe names ariſe from the degree of heat or cold, to which 
their ſituations are liable. 

14. The Tokr1D Zoxt is that portion of the Earth, over every part 
of which the Sun is perpendicular at one time of the year or other. 

This zone is about 47 degrees in breadth, extending to about 234 de- 
grees on each fide of the equator ; the parallel of latitude wrminating 
the limits in the northern hemiſphere, is called the Tropic of Cancer; and 
in the ſouthern hemiſphere, the limiting parallel is called the Tropic of 
Capricorn. | 

15. The FR1GID ZoNEs are thoſe regions about the poles, where the 
Sun does not riſe for ſome days, nor ſet for ſome days, of the year. 

Theſe zones extend round the poles to the diſtance of about 234 de- 
grees : that in the northern hemiſphere is called the north frigid zone, 
and is bounded by a parallel of latitude, called the Arctic polar circle: and 
the other, in the 2 hemiſphere, the ſouth frigid zone; the parallel 
of latitude bounding it, being called the Antarctic polar circle. 

16. The TemPeRaTE ZoNEs are the ſpaces between the Tortid 
and the Frigid zones, 


Of the diviſon of the Earth by Climates. 


17. A CLIMATE, in a geographical ſenſe, is that ſpace of the Earth 
contained between two parallels of latitude, when the difference be- 
tween the longeſt day in each parallel is half an hour. 

Theſe climates are narrower the farther they are from the equator ; 
therefore, ſuppoſing the equator to be the beginning of the firſt climate, 
the polar circle will be the end of the 24th climate ; for afterwards the 
longeſt day does not increaſe by half hours, but by days and months. 
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SECTION II. 
Of the natural diviſion of the Earth. 


18. By the natural diviſion of the Earth is meant the parts on its ſur- 


face formed by nature ; fuch as Continents, Oceans, Iſlands, Seas, Rivers, 
Mountains, &c. 


The ſurface of the Earth is naturally divided into Land and Water. 


1. Continents. 4. Iſthmuſes. 
Land is divided into 0 Iflands- 5- Promontories. 

3. Peninſulas, 6. Mountains. 

1. Oceans, 4. Straits, 
Water is divided into R Seas. 5. Lakes. 

3. Gulfs. 6. Rivers. 


19. A CoNTINENT, or, as it is frequently called, the main land, is 
a very large tract, comprehending ſeveral contiguous Countries, King- 
doms, and States. 


20. An OCEAN is a vaſt collection of ſalt water, ſeparating the con- 
tinents {rom one another. 

21. An ISLAND is a part of dry land, ſurrounded with water. 

22. A SEA is a branch of the Ocean, flowing between ſome parts of 
the Continent, or ſeparating an Iſland from the Continent. 

23. A PENINSULA is a part of dry land encompaſſed by water, except 
a nartow neck which joins it to ſome other land. 


24. An ISTHMUS 1s the neck joining the peninſula to the adjacent 
land, and forms the paſſage between them. 

25. A MouUNTAIN is a part of the land more elevated than the adja- 
cent country, and to be ſeen at a greater diſtance than the neighbouring 
lower lands. | | 

26. A PROMONTORY 1s a mountain ſtretching itſelf into the ſea the 
extremity of which 1s called a Cape, or Head-land. 

27. A HIII is a imall kind of mountain: A CF is a ſteep ſhore, 
hill, or mountain: And Rocts are great ſtones, riſing like hills above the 
dry land, or above the bottom of the ſea. 

28. A GULF, or Bay, is a part of the Ocean, or Sea, contained be- 
tween two ſhores; and is every where environed with land, except at its 
entrance, where it communicates with other Bays, Seas, or Oceans. 


29. A STRAIT is a narrow paſſage, by which there is a communica- 
tion between a Gulf and its neighbourin 


g ſea, or which joins one part 
of the ſea, or ocean, with another. . 

zo. A LAKE is a collection of Waters contained in ſome hollow, or 
cavity, in an inland place, of a large extent, and every where ſurround- 
ed with land, having no viſible communication with the Ocean. 

31. RIvERs are ſtreams of Water, flowing chiefly from the Moun- 
fains, and running in long narrow channels, or cavities, through the 
land, till they fall into the fea, or into other rivers, which at laſt diſ- 
embogue, or run into the ſca. 


32. There 


r 


e 
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32. There are generally reckoned four Continents, namely, Euroee, 
AslA, AFRICA, and AMERICA. 


To theſe may be added the Terra arctica, or northern continent, and 
the Terra antarctica, or lands detached from A/ia, towards the ſouth. 


The continent of America is uſually divided into two parts, called North 
and South America; they ate joined together by the 7/thmus of Darien, 


_ the continents of Aa and Africa are joined together by the IA, 
of Sues, ed 


The Terra ariica, with Europe and Aſia, lies all within the northern 
hemiſphere ; and alfo part of Africa and America: The other parts of 


theſe two continents, together with the Terra antardica, lie in the ſou- 
thern hemiſphere. 


33. There are five Oceans, namely, the Nox THRN, the ATLAN- 
Tic, the Pacific, the INDIAN, and the S0UTHERN. 


The Atlantic ocean is uſually divided into two parts, one called the 
north Atlantic ocean, and the other the ſouth Atlantic, or Ethiopic ocean. 


The Northern ocean ſtretches to the northward of Europe, Aſia, and 
America, towards the north pole, 


The Atlantic ocean lies between the continents of Europe and Africa 
on the eaſt, and America on the weſt. 


That part of the north Atlantic ocean, lying between Europe and 
America, is frequently called the Meſtern ocean. 


The Pacific ocean, or, as it is ſometimes called, the South Sea, is 
bounded by the weſtern and north-weſt ſhores of America, and by the 
eaſtern and north-eaſt ſhores of Aſia. | 


The Indian ocean waſhes the ſhores of the eaſtern coaſts of Aſrica, and 


the ſouth of Aſia; and is bounded on the eait by the Indian iflands, New 
Holland, and New Zeeland. 


The Southern ocean extends to the ſouthward of Africa and America 
towards the ſouth pole. 


The northern and ſouthern continents not being ſufficiently known to 
Geographers, all that need be ſaid of them is, that the "Terra Arctica, 
or land to the northward of Hudſon's Bay and Greenland, is in general 
too cold for the reſidence of mankind ; and that the lands formerly ſup- 
poſed to be parts of the ſouthern continent, are found to be very large 
iſlands: viz. New Zeeland is much larger than Great Britain, and has 
a ſtrait dividing it into two iſlands. New Holland is an ifland as large as 
Europe. New Guinea is a very large iſland; and New Britain is a cluſ- 
ter of large and ſmall iſlands, and are thought by ſome to be the iſlands 
hitherto called the Solomon's iſlands, 
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SECTION II. 
Of the Political diviſion of the Earth, 


24. By the political diviſion of the Earth is meant the different 
Countries, Empires, Kingdoms, States, and other denominations eſta. 
bliſhed by men, either from the ambition of tyrants, or for the ſake of 
good government, | 


OF EUROPE, 


Book VT, 


Europe is bounded on the north by the northern, or frozen, ocean ; 
on the eaſt by Aſia; on the ſouth by the Mediterranean Sea, ſeparating 
Europe from Africa; aud by the north Atlantic, or weſtern ocean, on, 


the welt. 


It lies between the latitudes of 36 and 72 degrees of north 


latitude ;z and between the longitudes of 10 degrees weſt, and bg degrees 
eaſt from London; is about 3000 miles long, reckoning from the N. E. 
to the 8. W. and about 2500 miles broad. 

35. The countries, their poſition, with regard to the middle parts of 
Europe, the chief cities, principal rivers, with their courſes, and the moſt 
noted mountains, and what quarter of the country they are in, are ex- 
hibited in the following table; where E. ſtands for empire, K. for king- 
dom, R. for republic, Nd. for northward, &c. 


4 

Countries. es” Chief Cities. | Rivers, | Courſe. | Mountains. | 
E. Turky S. E. [Conſtantinople] Danube Hh Argentum Nd. 
K. Poland Mid. |Warſaw. Viſtula N. N. W.|Carpathian Sd. 
E. Moſcovy 2| N. E f Moſcow Volga E. to 8. [Boglowy Sd. 
E. Ruſſia 9 page: Peterſburg Nieper 8. Riphean Wa. 
K. Sweden N. Stockholm [Dalecarlia4 E. [Dofrine Wa. 
K. Norway N. N. W. Bergen Glama S. [Dofrine Ed. 
K. Denmark | N. W. [Copenhagen Eyder W. | 
K. Hungary Mid. [|Preſburg Danube S. E. |CarpathianNd. 
E. Germary Mid. Vienna Danube E. älps Sd. 

Po E. [Alps Nd. 
Italy &. 5 Tyber 8. Apennine Mid. 
R. Switzerland] Mid, Bern Rhine W. [Alps Sd. 
Netherlands] W. IBruſſels Maeſe N. 

R. Holland W. [Amſterdam Thine N. N. W. 

8, Loire N. to W [Pyrenees S. W. 
K. France W. Paris ſ Rhone 8. — Ed. 
K. Spain 8. W. Madrid l'agus W. [Pyrenees N. E. 
K Portugal S. W. [Liſbon | Fagus W. [C. Rocca W 
K. England W. [London Thames E. [Malvern N. W. 
K. Scotland W. {Edinburgh [forth E. {Grampian Nd, 
K. Ireland W. Dublin ſ3hannon { S. W. KnockpatricW| 


There are in Europe four Kingdoms beſide thoſe enumerated above; 
but they are contained in the forenamed Countries. 


oland; the King's reſi- 


The 


' The Kingdom of Pruſſia, which is part of P 
dence is at Berling a city in Germany, + © | 


De 


„ 


the 8. 
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The Kingdom of Bohemia, a part of Germany; the chief city is Prague. 

'The Kingdom of Sardinia, an Italian iſland ; the King reſides at Tu- 
rin, a City in Italy. 

The Kingdom of the Sicilies, appending to Italy; the King reſides 
at Naples, a city in Italy. 

In ſome of the forenamed countries are ſeveral dominions indepen- 
dent one of the other; particularly in Germany and Italy. 

The principal ſtates in Germany are the ſollowing 12; where D 
ſtands for duchy, El. for electorate, P. for principality. 


— 


States D. Auſtria | K. Bohemia | El. Bavaria El Brandenburg 
Ch.cities|] Vienna Prague Munich | Berlin 
States : F. l. daxony | El. Hanover | El. Palatine EI. Mentz 

Ch cities Dreſden Hanover Manheim 2 Mentz 

States EI. Lriers | El. Cologne | PHeffeCatiel D. Wurtemburg 
Ch cities] Triers Cologne Caſſel Stutgard 


The principal ſtates in Italy are the following 12. 
Sfates | D. Savoy | P. Piedmont | D. Milaneſe | D. Parmeſan 


Ch.cities} Chamberry Turin Milan | Parma a 
States D. Modeneſe [D. Mantuan | R. Venice | R. Genoa 

Ch. cities Modena | Mantua Venice | Genoa 

States [D. Tutcany | Fatriarchate | R. Lucca | K. Naples 
Ch.cities Florence Rome Lucca Naples 


36. The principal Seas, Gulfs and Bays in Europe, are 
The Mediterranean Sea, having Europe on the N. and Africa on 


The Adriatic Sea, between Italy and Turky. 

The Euxine, or Black Sea, in Turky, between Europe and Aſia. 
The J/hite Sea, in the N. N. W. parts of Muſcovy. 

The Baltic Sea, between Sweden, Denmark, and Poland. 

The German Ocean, or Sea, between Germany and Britain. 

The Engliſh Channel, between England and France. 5 
St. George's Channel, between Britain and Ireland. 

The Bay of Biſcay, formed between France and Spain. 

The Gulf of Botbnia, in the N. E. parts of Sweden. 

The Gulf of Finland, between Sweden and Ruſſia. 

The Gulf of Venice, the N. W. end of the Adriatic Sea. 


37. The principal iſiands in Europe, are 4 

The Britiſh 1fles, viz. Great Britain, Ireland, Orkneys, and Weſtern 

Illes. 

The Spaniſh Iles; Majorca, Minorca, Ivica, in the Medit. Sea. 
Italian Iſles ; Sicily, Sardinia, Corſica, Lipati, in the Medit. Sea. 
Turk:/þ [ſes ; Candia, Archipelago Iſles, in the Medit. Sea. 

Swediſh Iſles ; Gothland, Ocland, Alan, Rugen, in the Baltic Sea. 

Daniſh Iſles ; Zeland in the Baltic Sea; and Iſeland, Faro Iſles, E. and 
W. Greenlands in the Northern ocean, 

Azares Iſles in the Atlantic ocean, belonging to Portugal. 


9a a4 O F 


336 


GEOGRAPHY. 


OF ASIA. 


Book VI, 


38. The continent of Aſia is bounded on the north by the Northern, 
or frozen ocean, on the eaſt by the Pacific ocean, on the ſouth by the 
Indian ocean, and by Africa and Europe on the weſt. 
ing its Iſlands, between the latitudes of 10 degrees ſouth, and 72 de- 
grees north; and is between the longitudes of 25 and 148 degrees eaſt 


of London ; 


and breadth 4bout 4300 miles. 
39. The poſitions and names of the chief countries, cities, rivers, 
and mountains, are contained in the following table. 


It lies, includ- 


its length, excluſive of the iſles, being about 4800 miles, 


2 


Countries. 


— — 


E. China 


R. Korea 

Chineſe Tartar) 

Mongalia 

K. Tibet 
Bukharia, or 


„ U ſbecs 


Karazm 
Nalmocks 
E. Siberia 
E. Turky 
K Syria 
Arabia 
E. Perſia 


India Weſt of 
the Ganges 


India Eaſt of 
the Ganges 


| 


Poſition. r Cities.] Rivers. | Courſe. | Mountains. 
Pekin Yellow RS. to E. |OuorocoranNd, 
. | Narki Kiam E. Damahan Wd. 
Canton [Ta 8. K. 
E. Kingkitau Valu 8. |Shanalin 
E. Chynian Vamour N. E. to E.|Fongwanſhan 
Mid. |Kudak Yellow R. N. to W 
Mid. Efkerdu Yaru E. Kantes 
| Mid. Samarkand |Amu N. W. Belurlag 
Mid. JUrjenz Amu 8. W. Irder 
Mid. Tekis Vubratubuſluk 
N Tobloſki Oby N. Sto! 
: | Aſtracan |Jeniſka N. N. W. top 
W. [Smyrna Eophrates S. E. 11 aurus 
W. aleppo Euphrates 8. Lebanon 
S. W. [Medina EKuphrates S. E. Gabel el ared 
Oxus W. Caucaſus 
8. [ſpahan Araxes| S. W. Taurus 
f 8 Agra indus 8. W. {Caucaſus 
Ibeili Ganges 8. W. |Balzgate 
1 Ava \Yomea 8. 
Pegu Mecon . 
| 8. Siam Menan 8. b Damaſcene 
1 Cambodia [Ava 8. 4 


Some of theſe countries contain ſeveral others. 


Aſiatic Turky contains 


Countries | Georgia N. | Turcomania E.] Curdiſtan E.] Diarbec E. 
IN I or Armenia | | or Aﬀyria 
Ch. cities | Tellis | Erzerum Beths Mouſol 
Countries | LyracaS.E. Arabia detert S. | Natoiia W. Syria W. 
Pb. cities] Bagdat | | | Il OmMyina 4 Aleppo 
1 8 : 


ledia 


— 
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India weſt of the Ganges contains 
Cambaya 8. bogey 8. E. 


8 Countries|lndoſtan N. 
8 or Guzarat 

Ch. eiĩties Delli Surat | Patna 
Countries|Decan |Biſnagar W. 

* f — Viſapour or Carnate | 
Ch. cities| Goa Calcut and Cochin 

2 Countries Biſnagar K. Golconda K. Orixa 

n Carnate, E. ſide 

" Ch. cities Madras Golconda Orixa 


India eaſt of the Ganges contains 


Countries|K, Ava N. W. K. Pegu W. K. Siam S.] K. Malacca 8. 
Ch. cities] Ava Pegu | Siam Malacca 
Countries K. Cambodia S. K. Cochin China E. K. Laos N. K. Tonquin N. E. 
Ch. cities] Cambodia Thoanoa | Lanchan | Keccio 


40. The principal Seas, Gulfs, and Bays in Aſia, are 

Caſpian Sea, quite ſurrounded by Siberia on the north, Korazm eaſt, 
by Perſia on the ſouth, and by Georgia on the weſt. 

Korean Sea, between Korea and the iſlands of Japan. 
Yellow Sea, between China and the Japan iſles. 
Gulf of Cochin China, on the borders of Tonquin and Cochin China, 
Bay of Siam, formed by the countries of Siam and Malacca. 
Bay of Bengal, between India eaſt, and India welt of the Ganges. 
Gulf of Perſia, having Perſia on the N. E. and Arabia on the 8. W. 


41. The principal Iſlands belonging to Aſia are 
Ladrone, or Marian Iſles, whoſe chief iſland is Guam. 


Japan in. I Cb. ies [es Bas [ox 
Pligg {oe Hee lin [= 
aun d. IG. ae | Tree e II 
1 Joni fee len 158 
—— Mt 


The Andaman Iſlzs to the welt of Siam. 
Nicobar Iſles weſt of Malacca. 
Maldive Iſlands to the S. W. of Biſnagar. 
The Iſand of Ceylon S. E. of Biſnagar ; the chief city is Candy, or 
Candy Uta, "TY 
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42. This large continent is a peninſula, joined to Aſia by the iſth- 
mus of Sucz. On the N. E. it is ſeparated from Afia by the Red Sea; 
it has the Indian Ocean on the eaſt, the Southern on the fouth, the 
Atlantic on the weſt, and the Mediterranean Sea on the north, which 
ſeparates it from Europe. It is ſituated between the latitudes of 37 de- 
grees N. and 35 degrees 8; and between the longitude of 18 degrees 
W. and 50 degrees E. from London; is about 4300 miles long, and 
4200 miles broad, | 

43- The poſitions and names of the chief countries, cities, rivers, 
and mountains, are contained in the following table. 


* * — — 
Pas 


Countries. | Poſition. |Chief Cities] Rivers. Courſe, parting 
E. Morocco N. W. Fez Molvia N. Atlas | 
K. Algiers | N. [Algiers Saffran . 
K. Tunis N. Tunis Megrada N. Atlas 
K. Tripoli N. Tripolt Salines N. E. Atlas | 
K. Barca N. Docra Meies 
K. Egypt N. E. Cairo Nile N. Gianadel 
E. Abyſſinia . : 
er Laber! E. jAmbomarjam Nile N. 
Ajan E. [Adea Madadoxa 8. | 
Z,anguedar E. Melinda Cuama E. 8 E. | 
Sofala S. E. Sofala Amara E. Amara 
Terra de Natal] S. E. Natal St. Eſprit E. Amara 
Catraria S. Cape Town St. Chriſtopher E. Table 
Mataman 8. 8. W. Angri W. Sunda 
K. Benguela |S. S. W. Benguela Negros W. [Sunda 
K. Angola S. W. Loando Coanza W. Sunda |} 
K. Congo S. W. St. Salvador Zaata 8. W. Sunda 
K. Loango 8. W. Loango Zette S. W. Sr. Eſprit 
Biafara 8. W. |Biafara Camerones 8. W. Se. Eſprit) 
K. Benin 8. W. Benin Formoſa S. W. | 
Guinea S. W. Cape Coaſt Volta S. Lierra Leon 
Mandinga W. [James Fort Gambia W. C. Verd { 
Sanhaga W. jSanhaga Senegal N. W. 
Biledulgerid Mid. N. Dara Dara 8. Atlas 
Zara Mid. Zuenzega Nubia E. 

Nubia Mid, [Nubia Nubia E. 

Negroland Mid. Lombute iger W. 

Ethiopia inter. | Mid. [Chaxumo iger W. Luna 
Monomugi Mid. S. [Merango {Cuama E. S. E. Luna 
E.Monomotap?| Mid, 8 [Mogar — 8. E. Amara | 


Many parts of the coaſts of Africa are ſubject to the European nations; 
Thus the Kingdoms of Algiers, Tunis, Tripoli, Barca, and Egypt, are 
either ſubject to the Ottoman, or Turkiſh empire, or acknowledge 
themſelves under itg protection, | 

| Abyſſinia 
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Abyſſinia is governed by its own Emperor. 

Ajan or Anian is peopled by a few wild Arabs. 

In Zanguebar and Sofala, the Portugueſe have many black Princes 
tributary to them, 5 

Cafraria, or the country of the Hottentots, belongs to the Dutch. 

The ſea coaſts of Guinea are uſually diſtinguiſhed by the names of 
the Slave Coaſt, Gold Craft, Ivory Ceaft, Grain Craft, and Sierra Leon. 

The Engliſh, Dutch, French, Portugueſe, and others, have ſeveral 
ſettlements along theſe coaſts, and even many miles up the country, 
particular]y the Engliſh on the rivers Gambia and Senegal. 

In the general table the countries are taken in a very large ſenſe; for 
many of them contain a great number of ſtates independent one of the 
other, the particulars of which are not known to Geographers. 


44. The principal Seas, Gulfs, and Bays in Africa, are, 

The Red Sea, between Africa and Aſia : It waſhes the coaſt of Ara- 
bia on the Aſiatic ſide, and the coaſts of Egypt and 
Abyſſinia on the African fide. 

Moſambigue Sea, between Africa and the iſland of Madagaſcar eaſtward. 

Saldanna Bay in Cafraria, on the Ethiopic Ocean. 

Bight of Benin on the coaſt of Guinea, in the Ethiopic Ocean. 


45. The principal African Iſlands, are 


| Chief Iſle. |} Chief Town. | Situation, 

Madeira iſles Madeira Funchal N. Atlantic Ocean 
Canary ifles Canaria Palma N. Atlantic Ocean 
C. Verd iſles St. Jago St. Jago N. Atlantic Ocean 
Ethiopian iſles | St. Helena Ethiopic Ocean 
Komora iſles ] Johanna Demani ] Indian Ocean 
Sofetora iſles Zocotora Calanſia Indian Ocean 
Almirante iſles But littleſknown Indian Ocean 


The iſland of Madagaſcar, one of the largeſt in the world, lies in 
the Indian Ocean : It is divided into -a multitude of little ſtates ; ſome 
of them formed by the European privateers, and their ſucceſſors de- 
ſcended from a mixture with the natives. | ; 

The iſlands of Bourbon and Mauritius he in the Indian Ocean, to the 
calt of Madagaſcar : theſe belong to the French. 

The Madeiras, and Cape de Verd Iſles, belong to the Portugueſe. 

The Canary Iſles to Spain; St. Helena to England, * 


OF 
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OF AMERICA. 


46. This vaſt continent, called by ſome the new world, having been 
difcovered by the Europeans ſince the year 1492, is uſually divided 
into two parts, one called North, and the other South America, being 
joined to one another by the Iſthmus of Darien. 

North America lies between the latitudes of 10 degrees and 80 de- 
grees north; and chiefly between the longitudes of 50 degrees and 130 
degrees weſt of London; is about 4200 miles from north to ſouth, and 
about 4800 from eaſt to welt. It is bounded on the eaſt by the north 
Atlantic Ocean, by the Gulf of Mexico on the ſouth, on the weſt by 


the Pacific Ocean, and by the Northern continent and ocean to the 
northward. 


South America is bounded on the eaſt by the ſouth Atlantic Occan, 


by the Southern Ocean to the ſouth, by the Pacific Ocean on the weſt, 
and on the north by the Caribbean Sea. It lies between the latitudes of 
12 degrees north, and 56 degrees ſouth ; and between the longitudes of 


45 degrees and 83 degrees welt from London; is about 4200 miles long, 
and abut 2200 miles in breadth. 


47. The politions and names of the chief countries, cities, rivers, 
3nd mountains, in North America, are in the following table. 


— 


Countries. Poſition, | Chief Cities, | Rivers. Courſc. | Mountains. 
California W. St. Juan 
New Mexico 8. Sainte Fe N. River 6. 3. 
Old Mexico S. W. NMexico Pa nuco E. 
Louiſiana 9. [New Orleans Miſſiſſipi 8. 
Florida 8. It. Auguſtin St. John N. to E. |Apalachian 
Georgia S. 8. E. Savannah Alatamaba ] F. S. E. Apalachian 
Carolina 8. E. Charles Town Aſhly 8 E. Apalachian 
Virginia 33 James Town [Powtomack | S. E. [Apalachian 
Maryland E. [Annapolis Powtomack S. E. Apalachian 
Pentilvania E. Philadelphia Delawar S. [Apalachian 
Jerſeys E. New York Albany 8. 7 
New Englanc EK. Boſton Connecticut 1 
Nova Scotia N. E. Halifax St. John S. 8. E. [Ladies 
Canada Mid. Quebec St. Lawrence} N. E. 
New Britain | N. N. E Fort Rupert [Rupert W. 
New Wales N. Vork Fort Nelſon | W. | 


California, Old Mexico, and New Mexico, belong to Spain, 


Louiſiana, to the weſt of the river Miſſiſſippi, was poſſeſſed by the 
French at the end of the late war, but is now wansferred to Spain, 


All the other countries are in the hands of the Engliſh. 


1 In 
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In South America the poſition and names of the chief countries, Ci- 


ties, rivers, and mountains, are as follow : 
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Countries, | Poſition, | Chief Cities. Rivers. Courſe. busse. 
Terra Firma N. Panama Oronoque N. E. 

Peru W. Lima Chuquimayo W. N. W. Andes 

Chili S. W. St. Jago Valpariſo W. {Andes N 
Patagonia 8. Deſaguadero 8. {Andes 

La Plata 8. E. Buenos Ayres La Plata 8. {Andes 
Paraguay Mid, Aſſumption Paragua 8. 

Braſil E. St. Salvador Rio Real N. E. 

Amazonia Mid. : Amazons E. | 
Guiana N. E. \Eſquebe N. N. E 


Terra Firma, Peru, Chili, La Plata, and Paraguay, are in the poſ- 


ſeſſion of the Spaniards. 


Braſil belongs to the Portugueſe. 
Patagonia, Amazonia, and Guiana, are poſſeſſed by the native In- 


dians, except ſome parts of the coaſts of Guiana, in the hands of the 
Dutch and French. 


48. The principal Seas, Gulfs, and Bays in America. 

The Caribbean Sea, bounded by Terra Firma on the ſouth, and a range 
of iſlands on the north and eaſt. | 

Gulf of Mexico, formed by old Mexico, Louiſiana, and Florida. 

Bay of Campeachy, part of the Gulf of Mexico, on the Mexican coaſt. 

Bay of Honduras, part of the Caribbean Sea, next to Mexico, 

Bay of Panama, in the Pacific Ocean, next the Iſthmus of Darien. 

Bay of California, in the Pacific Ocean, having California on the weſt, 

Bay of Fundy, in Nova Scotia, north Atlantic Ocean. 

Gulf of St. Lawrence, in the North Atlantic Ocean, bounded by Nova 

Scotia, New Britain, and ſome iſlands eaſtward 
and ſouth-eaſtward. 
Hudſon's Bay, between New Britain E. and New Wales W. 


49. The chief American Iſlands in the Alantic Ocean. 
New!cundland, and Cape Breton, eaſt of the Gulf of St. Lawrence. 
Bermudas. or Summer Iſlands, eaſt of Carolina. 


Bahama Iſles, ſouth eaſt of Florida. 
Cuba ch. town Havanna 5 5 E. of the 


Great cites Hiſpaniola ch. town St. Domingo I Mexican Gulf, and 
Jamaica ch. town Kingſton N. of the Car. Sea. 

Caribbee Iſles, bounding the Caribbean Sea on the E. and N. E. 

Leſſer Antilles, on the N. N. E. of Terra Firma, in the Caribbee Sea. 

Terra del Fuego, on the ſouth of Patagonia, in the Southern Ocean. 

Gallipago Iſles, lying N. W. of Peru in the Pacific Ocean. 
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SECTION IV. 


Geographical Problems. 


50. PROBLEM I. Given the latitudes of two places : 
Required their difference of latitude. 


Casr I. When the latitudes of the 
given places. have the ſame name: 

RuLE. Subtract the leſſer latitude 
from the greater, the remainder is 
the difference of latitude. 


Exam. I. What is the difference of | 


latitude between London and Rome? 


London's lat. 51 32'N, 

Rome's lat, 41 54 N. 

Diff. lat. 9 38 
60 


578 miles. 


— — 


Exam. II. hat is the difference 
of latitude between the Lizard and the 
[land of Madeira? 

Lizard's lat. 

Madeira's lat. 32 


Diff. lat. 17 23=1043m. 


Ex AM. III. What is the difference 
of latitude between the Iſland of St. 
Helena and the Cape of Good Hope? 

C.GoodHope'slat. 349 2978. 

St. Helena's lat. 15 55 8. 


34 N. 


Diff. lat. 


Ex Au. IV. A hip from the latitude 
of 43% 18' N. is come to the lat. of 34 
49' N. Required the diff. of latitude. 


Lat. from 430 187 N. 
Lat. in 34 49 N. 
Diff. lat. 8 29=509m, 


499 5 N. | 


18 34=1114m.] 


given places have contrary names : 

RLE. Add the latitudes together, 
and the ſum will be the difference 
of latitude. | 


Ex AM. I. Required the diff. of lat. 
between C. Finiſterre and C. St. Rogue. 
C. Finiſterre lat. 43% or N. 

C. St. Roque lat. 5 oo 8. 


Diff. lat. 


48 ol 
60 


2881 miles. 


Exam. II. hat is the difference 
of latitude between the Iſland of Bar- 
badoes and C. Negro? 

I. of Barbadoes'slat.13% oof N. 
C. Negro's lat. 16 30 8. 


Diff. lat. 29 30 17m. 


Ex AM. III. Reguired the difference 
of latitude between Cape Horn and 
Cape Corientes in Mexico. 

Cape Horn's lat. 55 59'S. 

C. Corientes's lat. 20 18 N. 


| Exam, IV. A ſbip from the lat. of 
8* 28'S. has ſailed north to the lat. be 
45' N. Required the diff. of latitude. 


| 


at. from 892878. 
Lat. in 6 45 N. 
Diff. lat. 15 13 91 zm. 


The ſituation of about 1500 particular places are contained in a 
Geographical J able, art. 137, at the end of this book; where the la- 
titudes and longitudes of places are to be ſought, as they follow in al- 


phabetical order, 


51. PRO- 
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TTC ³˙di FS 22 "EPO 
* 8 wy 


Book VI. 


GEOGRAPHY. 


343 


51. PRoBLEM II. Given the latitude of one place and the difference of 
latitude between it and another place : 
Required the latitude of another. 


Cask I. When the given latitude, CAsE II. When the given lati- 
and difference of latitude have the ſtude and difference of latitude have 


ſame name : 


contrary names: 


RuLEt. To the given latitude add] RuLE. Fake the difference be- 


the degrees and minutes in the diff, 
of latitude, that ſum is the other 
latitude of the ſame name, 


Ex AM. I. A ſhip from the latitude 
of 389 14 N. Jails north till her dif- 


ference of latitude is 129 32': What 


latitude is ſhe come to? 


Lat. from 38 147 N. 
Diff. lat. 13 32 N. 
Lat. in 50 46 N. 


Ex AM. II. I fhip from the iſland 
of Aſcenſion runs ſouth till her diff. 
of latitude is 5 37": hat is the 
preſent latitude of the ſhip ? 


. Aſcenſion's lat. 79 50's. 
Diff. lat. 1 
Ship's lat. 13 33 8. 


Ex Au. III. A ſip from the iſland 
of Madeira ſails N. 67 5 miles: What 
lat. is ſbe in? 

1. Madeira's lat. 320 34% N. 

Diff. lat. 2 (J. 2) 11 15 N. 


Ship's lat. 43 49 N. 


Ex AM. IV. Three days ago we were 
in the latitude of the Cape of Good 
Hope, and have run each day 92 miles 
direftly S. M hat is our preſent lati- 
tude? / 

C. Good Hope's lat. 34“ 22'S. 


Diff. lat. 2 4 36 8. 


38 58 8. 


— — 


Preſent latitude 


een the given latitude and the 
degrees and minutes in the diff. of 
latitude, the remainder is the other 
latitude, of the ſame name with the 
greater, 

Exam. I. A ſhip from the latitude 
of 38? 14 N. ſails 2 till her die- 


rence of latitude is 129 32/ : What 
latitude is ſbe come tos 
Lat from 389 147 N. 
Diff. lat. 12 38 $. 
Lat. in 25 42 Ne 


Exam, II. A ſhip from the Iſland 


f Aſcenſion runs north till her diff. 
at. 1s 5 37 Il hat is the preſent la- 
 [titude of the ſbip? 
I. Aſcenſion's lat. 7 56'S. 
Diff. lat. 5 37 N. 
Ship's lat. 2 198. 


Exau III. A /hib from Sierra 
Leon ſails F. 839 miles: JVhat lati- 
tude is ſhe in? | 


Sierra Leon's lat. 82 30fN, 
839 

Diff. lat. = (I. 22)=13 59 8. 

Ship's lat. 5 29 8. 


Exam IV. Four days ago we were 
in the lattude of the Iſland of St. 
Matthew, and ſailed due north 6 miles 
an hour : What latitude is the big 


in? 


St, Matthew's lat. 1 
Dit l. 29 36 N. 
| Ship's latitude 8 13 N. 
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52. PROBLEM III. Given the longitudes of two places: 
Required their difference of longitude. 
RLE. If the longitudes are of the ſame name, their difference is the 
difference of longitude required. 
But if the longitudes are of different names, their ſum gives the 


difference of longitude. 


And it this ſum exceeds 180 degrees, take it from 360 degrees, and 
there remains the difference of longitude. 


Exam. I. Required the difference 
of longitude between London and 


Naples 
London's long. ooo oo” E. 
Naples” long. 14 19 E. 
Dif. longitude 14 19 
60 


859 miles, 


Exam. II. A pip in longitude 145 
5 W. ts bound to a port in longitude 
482 18' weſt: What diff. of longi- 
tude muſt ſhe mate? 


Ship's long. 149 45” W. 
Long. bound to 48 18 W. 
Diff. longitude 1 

60 


2013 miles. 


— — 


Exam. III. I bat is the difference 
of longitude between Cape Gardafuir 
and Cape Comorin ? 

C. Gardafuir's long. 500 25 E. 


C. Comorin's long. 78 17 E. 
Diff. longitude 27 62 
60 


1672 miles, 


Ex Au. IV. Required the difference 
of langitude between St. Chriſtopher's 
and Cape Negra. 

St. Chriſtopher's long. 629 5o” W. 


C. Negro's long. 11 30 E. 
Diff. longitude 74 20 
0 


4460 miles. 


Exam. V. A fhip in longitude 
140 20” I. is bound to à place in 
longitude 139% 25' E. what diff. of 
longitude muſi ſhe mate? 

Ship's long. 140 20' W. 
Long. bound to 139 25 E-. 


1565 
360 o 


— — 


Diff. longitude 80 og 


Exam. VI. I hat is the difference 
of longitude between Cape Horn and 
Manila? 


C. Horn's long. 67 260 W. 
Manila's long. 120 25 E. 
187 St 
| 360 oo 
Diff. longitude 172 o 


Sometimes the diff. lon. between two places is eftimated by the diff. 


of time, allowing an hour to every 15 degrees of longitude, and one 
min. of time for every 15 min. of a deg. or a deg. for every 4 min. of time. 
Ex Au. At6h. 48 m. P. M. having obſerved at ſea a certain appearante 
in the heavens, which I knew was ſeen the ſame inſtant at 3h. 25 m. P. M. 
in London: Required the diff. longitude between the places of obſervation. 
From Gh. 48 m. 3 h. = 45 dep. 


Take 3 7% 8 13 m. = 3 1: | 
Remain 3 13 = diff, time, Sum 48 1 Diff. long. 


And becauſe the hour of appearance at London was leaſt, therefore | know 
myſelf to be to the eaſtward of London. 53. Pao- 
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53. PROBLEM IV. Given the longitude of ane plate, and the differenct 
| : longitude between that and another 


red the 


longituie of the ſecind place; 


Nur z. If the given longitude and difference of longitude are of a 
- + -.+ 2 Contrary name, their difference is the longitude required ; 


and is of the ſame name with the greater. 


But if the given longitude and difference of longitude are of the 
ſame name, the ſum is the longitude ſought, of the ſame name 


with the given place. 
And if the ſum is greater than 


180 degrees, take it from 360 de- 


remains the longitude required, of a contrary name 
to that of the given place. , 


Exam. I. A fhip from the be- 
gitude F 419 12 E. fails weſtward 


Exam. IV. A fip Food Cape 


„ward Finiflerre ſails wefltvard, and finds 
tered E 


until her difference 'of longitude is 


15% 47” : What is her preſent longi- 
HT. TE "yy 
Ship's longitude 41120 E. 
Diff. long. 15 47 W. 
Pref. long. 25 25 E. 


Ex AM. II. 4A ip from Cape 
Charles in Virginia 2 s eaſtward 
until ſhe has altered her longitude 2.2.9 
53“ Mat longitude is ſbe in? 

C. Charles's long. _ 76% 097” W. 


Dif. long. 22 63 E. 
Ship's long. _— 7.4 


| Exan. III. Four days ago 1 4. 
from C. St. Sebuſtian in Mas 
dagaſcar, and I have made each 


fhe has a itude 387 
_ : Whit longitude is e arrived . 
* WIT | " 

C. Finiſterre's long, 9 36'W. 


Diff. bog. 55! 9 4% W. 
| : 15 viel 2 
Long. in N 19 9 W. 


Exam. V. Ai from Cape St. 
Lucar in California has made 870 
18" of weſt longitude : What longitude 


:s: ſhe in we Ties 
C. Lucar's long. 100“ 40 W. 
Diff. long. 87 18 W. 

360. oo 


1 A 1 0 33 3 73 


Ship's longitade 1 


. 24 #4 
' Exam. VI. Seven days age (my 
longitude was 172 17 W. und I have 


day\ made each day 132 miles of "weſt lon» 


75 miles of ea longitude e Requared) gitude: Requir preſent 'longi- 
rear Abs fry 2 2 | ih 22 7 you | 125 
IFRS PR „13 Departed long. 172 157 .. 
4 8 long. 40! — öh g. ug 24 W. 
Mirren 2 2 | — —— — 
6,0)30,0 _ | |6,0)92 | 1875 44 
. 777. Ship's longs 57 13 E. 994 360 oo 
8 ＋ 9 14 a 1524 1 ——— — of 
7 Preſent long. 172 19 E. 
Diga 0972 | -= | „ 612 TROTTSS. ved 
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| 0 SECTION:'V. 
54. Of the Uſe of the Globes. 


By the globes are here meant two ſpherical bodies, called the Ter- 
reſtrial and Celeſtial Globes, the convex ſurfaces of which ate ſuppoſed 
to give a true repreſentation of the earth and heavens. 

be TerRtsTRIAL Got has delineated on its convexity the whole 
furface of the earth and ſea in their relative fize, form, and ſituation. 

The CELESTIAL GLOBE has drawn on its ſurface the images of the 
ſeveral. conſtellations and ftars; the relative magnitude and poſition 
3 — ſtars are obſerved to have in the heavens, being preſerved on 
this globe. Duh 

T he globes are fitted up with certain machinery, by means of which 
a great variety of uſeful problems are neatly ſolved. | | 

The Brazen MzR1DIAN is that ring, or hoop, in which the globe 
hangs on its axis; which is repreſented by two wires paſſing through 
its poles. This circle is divided into ſour quarters of 9oꝰ each; in one 
temiciccle the diviſions begin at each pole, and end at 90, where they 
meet: In the other ſemicircle, the diviſions begin at the middle, and 
Proceed thence towards each pole, where they end at go degrees. The 
graduated fide of this brazen circle ſerves as a me1idian for any point on 
the ſurface of the earth, the globe being turned about till that point 
comes under the circle. 

The Hour C1RCLE is a ſmall circle of braſs, which is divided into 24 
hours, the quarters and half quarters. It is fixed on the brazen meridian, 
equally. diſtant from the north end of the axis, to which an index is fitted, 
that points out the divifions of the hour circle as the globe is turned about. 

The Hok1zoN is repreſented by the upper ſurface of the wooden cir- 
cular frame encompaſſing the globe about its middle. On this wooden 
frame is a kind of perpetual calender, contained in ſeveral concentri 
circles: The inner one is divided into four quarrers of go degrees each; 
the next circle is divided into the twelve months, with the days in each 
according to the new ſtyle; the next contains the 12 equal ſigns of the 
zodiac, each being divided into 30 degrees: the next is the 12 months and 
days according to the old ſtyle ; and there is another circle, containing 
the 32 winds, with their halves and quarters. Although thele circles 
are on all horizons, yet their diſpoſition is not always the ſame. 

The QuADRANT of ALTITUDE is a thin ſtreight flip of braſs, one 
edge of which is graduated into.go degrees and their quarters, equal to 
thoſe of the meridian. To one end of this is fixed a braſs nut and fcrew, 
by which it is put on, and faſtened to the meridian: and if it is fixed 
to the zenith, or pole of the horizon, then the graduated edge repreſents 
a vertical circle paſſing through any point. | 

Beſides theſe, there are ſeveral circles deſcribed on the ſurfaces of 
both globes; ſuch as the equinoctial, ecliptic, circles of longitude and 
right aſcenſion, the tropics, polar circles, parallels of lat. and decl., on 
the celeſtial globe; and on the terreſtrial, the equator, ecliptic, tropics, 

lar circles, parallels of latitude, hour circles, or meridians to every 13 

egrees, and thedpiral rhumbs flowing from ſeveral centers, called Flies. 


35. PRO. 
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55. PROBLEM I. VE. 
To find the latitude and longitude of any place on the terreſtrial globe. | 
_ Iſt, Bring the given place under that ſide of the graduated brazen me- 
ridian where the degrees begin at the equator, by tutning the globe about. 
2d. Then the degree of the meridian over it ſhews' the latitude. _ 
3d. And the degree of the equator under the merid., ſhiews the Ion. 


On ſome globes the longitude is teckoned on the equator from tie 
meridian where it begins, eaſtward only until it ends at 360® : On ſuch 
globes, when the longitude of a place exceeds 180%, take it from 360% 
and call the remainder the longitude weſtward. N rg 

, | | 


To find any place on the globe, the latitude and longitude of which are given- 
1ſt. Bring the given longitude, found on the equator, to the meridian. 
2 Then under the given latitude; found on the meridian, is the place 
ght. | | | 8 5 . 
57. n 
Te fond the diflance and bearing of any two given places on the globe. 
1ſt. Lay the graduated edge of the quadrant of altitude over both 
places, the beginning, or o degree, being on one of them, and the de- 
grees between tlietu ſhew their diſtance; theſe degrees multiplied by 
60 give ſea miles, and by 70 give the diſtance in land miles nearly ; or 
multiplied by 20 give leaguees. 3 
dd. Obſerve, while the quadrant lies in this poſition, what rhumb of 
the neareſt fly, or compaſs, runs moſtly parallel to the edge of the qua · 
drant, and that rhumb ſhews the bearing ſought, nearly. r 


00000 
To find the Sun's place and declination an any dy- ron 


iſt. Seek the given day in the circle'of months on the horizon, and 
right againſt it in the circle of ſigus is the Sun's place. 2142p57 
-Thus it will be found that the Sun enters a 
The ſpring figns, Aries, March 20. Taurus, April 20. Gemini, May 2 r. 
The ſummer ſigns, Cancer, June 21. Leo, July 23. Virgo. Aug. 23. 
Autumnal 35 Libra, Sept. 22. Scorpio, Oct. 23% 8 5 ttar. Nov. 22. 
The winter ons Capric. Dec. 21. Aquarius, Jan. 20. Piſces, Feb. 18. 
2d. Seek the Sun's place in the ecliptic on the globe, bring that place 
to the meridian, and the diviſion it ſtands under is the Sun's declination 
on the given day. 1282 8 A © f 5 Ri ate es 


On the globes, the ecliptic is readily diſtinguiſbed from the: equator, 
not 112 the different colours they are ſtained with, but alſo by the 
ediptic's approaching towards the poles, after; its interſection; with the 
equator. Abe marks of the ſigus are alſo put along the ecliptic, one 
at the beginning of every ſucceſſive 30 degrees. 

y Bb 2 59. PRO, 
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"<A PROBLEM V. 
To rectiſy the globe for the latitude, zenith, and noon. 


1ſt. Set the globe upon an horizontal plane with its parts anſwering 
to thoſe of the world; move the meridian in its notches by raiſing} or 
depreſſin the pole, until the degrees of latitude cut the borizon ; then 
is the —— ified for the latitude, 
2d. Reckon the latitude from the equator towards the clevated pole, 
there ſcrew the bevil edge of the nut belonging to the quadrant of alti- 
tude, and the reCtification is made for the zenith, 
d. Bring the Sun's place (found by the laſt problem) to the meridian, 
ſet the index ta the X11 at noon, or upper x11, and the globe is recti. 
fied for the Sun's fouthing, or noon. 


60. 333 PROBLEM VI. | 
To find where the Sun is vertical at any given fines in a given place. 


« + 


1K, Bring the Sun's place, found for the given day [ 58), to the me- 
ridian, and note the degree over it. 

2d. Bring the place, for which che time is given, to the meridian, 
and ſet the index to the given hour. 

zd. Turn the globe till the index comes to 12 at noon, then the place 
under the ſaid noted degree has the Sun in the zenith at that time. 

4th. All the places that paſs under that degree, while the globe is 
turned round, will have the Sun vertical to them on 1 day. 


67. PROBLEM VII. N 
To find on what Sys the Tie will vertical at en gen plc in the ui 
zone. 


1ſt. Note the latitude of the given place on the meridian. | 

2d. Turn the globe, and note what two points of the ecliptic paſs 
under the latitude noted on the meridian. 

34. Seek thoſe poĩnts of the ecliptic in the circle of \ſigns on the ho- 
rizon, and right deer —_— in the circle va Dee ar the days 
required. | 

In this manner it will be bung; that the "7 will be vertical to whe 
Iſland of St. Helena on the 6th of November; and on the 4th of February. 
And at | Barbadves on the 24th of "April and' the «8th of Dr 


6 Wo. PROBLEM VIII. 3 
| Mt en given bas in «given plac to find what hour it ii in any other, 
Place. 


Iſt. Bring the place where the time is given to the meridian, and ſet 
th&index'to the given hour. 
ad, Bring the other given place to the meridian, and the index ſhews 
the hour correſponding to the given time. | 


. | . 
929 2 = 


* 
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63. | 1 P R O B L E M. IX. | 4 
At any given time ta fn all thoſe places of the Earth where the Sun is then 


riſing or ſetting, and where it is mid: day or midnight. toad 


Find the place where the Sun is vertical at the given time {60), reQify 
the gone for the latitude of that place, and bring it to the meridian. , 
Then all thoſe places, that are in the weſtern half of the horizon, 
have the Sun riſing; and thoſe in the eaſtern half have it ſetting. | 

oſe. under the meridian, above the horizon, have the Sun culminating, 
or noon; and thoſe under the meridian, below the horizon, have midnight. 
"Thoſe above the horizon have day; thoſe below it have night. 


64. oPHOB ES WE: 


Te find the angle of poſition of two places, or the angle made by the meridian 
of . and a 205 circle paſſing through e. i 


ReCtify for the latitude of one of the given places, and bring it to the 
meridian z there fix the quadrant of altitude, and ſet its graduated edge 
to the other place: then will that edge of the quadrant cut the horizon 
in the degree of poſition ſought. en! 

Thus, the angle of poſition at the Land's End to Barbadoes is ſouth 

129 weſterly: but the angle of poſition at Barbadoes to the Land's 
End is north 374 degrees eaſterly. N | 

Hence neither of thoſe poſitions can be the true bearing; for the rhumb 
paſſing through both'places, will be oppoſite one way to what it is the 
other, | SORE PRE 


65 PROBLEM XI. 


The latitude of any place not within the polar circle being given to find the 
time of ſun-riſong and ſetting, and the length of the day and night, © _ 
ReQiify for the latitude and the noon; bring the Sun's place to the 
eaſtern ſide of the horizon, and the index ſhews the time of rifing : the 
Sun's place being brought to the weſtern {ide of the horizon, the index 
gives the ſetting. © 8 h 
Or, the time of riſing taken from 12 hours gives the time of ſetting. 
The time of ſetting being doubled gives the length of the day. 
And the time of riſing being doubled gives the length of the night. 
Thus, at London, on April 15th, the day is 134 hours; the night 103 
hours, | | | 
66. PROBLEM xn. 
To find the length of the longeſt and ſhorteſt days in any given place, 
Rectify for the latitude; bring the ſolſtitial point of that hemiſphere 
to the eaſtern part of the horizon, ſet the index to 12 at noon, turn the 
globe till the folſtitial point comes to the weſtern ſide of the horizon, 
the hours paſt over by the index give the length of the longeſt day, or 
night; and its complement to 24 hours gives the length of the ſhorteſt 


ight, or day. 4 
mg 2 7 * | B b 3 67. PR O- 
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67. PROBLEM XIII. 

A place being given in either frigid or frozen zone, to find the time when 
the Sun begins to appear at, or 7 from, that 75 alſo how many ſuce 
ceſſeve days he is preſent to, or abſent from, that place. Iv 


| ReQiify for the latitude, turn the globe, and obſerve what degrees in 
the firſt and ſecond quadrants of the ecliptic are cut by the north point 
of the horizon, the latitude being ſuppoſed to be north. | 
Find thoſe degrees in the circle of figns on the horizon, and their 
correſponding days of the month ; and all the time between thoſe days 
the Sun will not ſet in that place. . 
Again. Obſerve what degree in the third and fourth quadrants of the 
ecliptic will be cut by the ſouth point of the horizon, and the days an« 
ſwering : then the Sun will be quite abſent from the given place during 
the intermediate days ; that day in the third quadrant ſhews when he be- 
gins to diſappear; and that in the 4th quadrant ſhews when he begins 
to ſhine in the place propoſed. 
Thus at the North cape, in lat. 51%, the Sun never ſets from May 15 
to July 28, which is 74 days; and never riſes from November 16 to 
anuary 24, which is 69 days. | 


68, PROBLEM XIV, 
To find the antæci, pericci, and antipodes of any place. 


Bring the given place to the meridian, tellas many degrees of latitude 
on the contrary fide of the equator, and it gives the place of the antæci; 
that is, of thoſe who have oppoſite ſeaſons of the year, but the ſame 
times of the day. 

The given place being under the meridian, ſet the index to 12 at 
voon, turn the globe until the index points to 12 at night, and the point 
under the meridian in the given latitude is the place of the periceci ; that 
is, of thoſe who have the ſame ſeaſons of the year, but oppoſite times 
of the day. | 

The globe remaining in this poſition, ſeek on the contrary fide of the 
equator for the degrees of latitude given, and the point under the meri- 
dian, thus found, will be the antipodes to the given place; that is, there 
the ſeaſons of the year and times of the day are directly oppolite to thoſe 
of the given place. | 


69. PROBLEM XV. 
To find the beginning and end of the twilight in any place. 

ReQtify the globe for the latitude, zenith, and noon, (50) 
Seek the point of the ecliptic oppoſite to the Sun's place, turn the 
lobe and quadrant of altitude, till the ſaid oppolite point of the ecliptic 

nds againſt 18 degrees on the quadrant of altitude; then will the in · 

dex ſhew the beginning or end of the twilight; that is, the beginning 
in the morning, when thoſe points meet in the weſtern bemiſphere; or 
the end in the evening, when the ſaid points meet in the eaſtern he- 


M7 Fes 
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% ͥ ꝶ ãæn, „ : 
The latitude of a place and day of the month being given, to find the Sun's 
declination, meridian altitude, rig aſcenſion, amplitude, oblique aſcenſion, 
aſcenſional difference and thence the time of riſing, ſetting, length 72 
n | da 
Rectify for the latitude and noon. Then, et 
The degree of the meridian over the Sun's place is the declination. 
The meridian, altitude is ſhewn by the degrees the Sun is above the 
horizon; and is equal to the ſum or diff. of the co-lat. and decl. 


* 


dian. 
Bring the Sun's place to the eaſtern part of the horizon. Then, 
The amplitude is that degree of the horizon oppoſite the Sun. 
The oblique aſcenſion is that degree of the equator cut by the horizon, 
The aſcen. diff. is the diff. between the right and oblique aſcenſions. 
The aſcen. diff. converted into time, will give the time the Sun riſes 


before or after the hour of ſix, according as his amplitude is to the north- 


ward or fouthward of the caſt point of the horizon, 


71. es e en 
Given the latitude of the place and day of the month, to find the Sun's al- 


titude and azimuth, either when be is due eaſt or weſt, at 6 0'cleck, or at any 
other hour while he is above the h#rizon. 


Rectify the globe for the latitude, zenith, and noon, 


Set the quadrant of altitude to the eaſt point of the horizon, turn the 
globe till the Sun's place comes to the quadrant's edge, and it ſhews the 


altitude, his azimuth being now 9oꝰ, and the index ſhews the hour. 
Turn the globe till the index points at 6, there ſtay it, and move the 
uadrant until its edge cuts the Sun's place; then the degrees at the Sun 
how its altitude, and the degrees cut by the quadrant in the horizon 
ſhew the azimuth reckoning from the north, = | 
In like manner, the globe being turned till the index is againſt any 
other hour, ſuppoſe 10 in the forenoon ; then, | 
The graduated edge of the quadrant of altitude being turned to cut 
the'Sun's place will give both the altitude and azimuth at that time. 


72. - PROBLEM XVII. 


Given the latitude, day of the month, and Sun's altitade, to find the azi- 
muth and hour of the day. : 
Rectify the globe for the latitude, zenith, and noon. 


CY 
. 


— 


e 


the day © 
r 


The Sun's righr aſeen. is that degree of the equator under the meri- 


Turn the globe and quadrant, until the Sun's place coincide with the 


altitude on the graduated edge of the quadrant. 


Then will that edge of the quadrant cut the degrees of azimuth on 


the horizon, reckoned from the north; and the index will ſhew the hour 


of the day, 
Bb4 7% P R O- 
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73˙ PROBLEM XIX. 
To repreſent the appearance of the heavens at any time in a given place. 


Rectify the celeſtial globe for the latitude, zenith, and noon, and 
turn the globe till the index points at the given hour. Then, R 

The ſtars in the eaſtern half of the horizon are riſing; thoſe in the 
weſtern are ſetting ; and thoſe on the meridian are culminating. 

The quadrant being ſet to any given ſtar will ſhew its altitude, and 
at the fame time its azimuth, reckoned on the horizon. | 

Now by turning the globe round it will readily appear, what flars 
never ſet in that place, and what never riſe; thoſe of perpetual appa- 
rition never go below the horizon, and thoſe of perpetual abſence ne - 
ver come above it. 


74+ PROBLEM XX. 
To find the latitude and longitude of any flar. 


Put the center of the quadrant of altitude on the pole of the ecliptic, 
and its graduated edge on the given ſtar. Then, 

The latitude is ſhewn by the degrees between the ecliptic and ſtar. 

The longitude is the degrees cut on the ecliptic by the quadrant. 


75. PROBLEM XXI. 
To find the declination and right aſcenſion of a ffar. 


Bring the ſtar to the meridian, the degree over it is the declination z 
and the degree of the equator under the meridian is the right aſcenſion, - 


76. PROBLEM XXI. 


On any day, and in any given place, to find when a propoſed flar riſes, 
ſets, or culminates. | | PII 


Rectify the globe for the latitude and noon. | 
Bring the (tar to the eaſtern ſide of the horizon, and the index ſhews 
the time of its riſing. | | oy e 
Turn the globe till the ſtar comes to the meridian, aud the index 
ſhews the time of its culminating ; and in like manner when it ſets, the, 
time will be ſhewn by the index. | | 
Its meridian altitude, oblique afcenſion, and aſcenſional difference, 
are found in the ſame manner as for the Sun, at art. 70. : 


„ 
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SECTION VI. ; 
Of Winds. 


7. A FLu1D is a body, the particles of which readily give way to a 
;n0effed force; and by this readineſs of yielding the — eabily 
ae pn OMP TE tee Wag e's ons 

us, not only liquids, or vap e or fumes 
others of a like — A reckoned as fluids, 8 10 8} 15 __ 

From all parts of the Earth vapours and fumes are conſtantly ariſing 
to ſome diſtance from its ſurſace. n SY a: 7 

This is known by obſervation; it is cauſed chiefly by the heat of the 
Sun, and ſometimes by ſubterraneous fires ariling from the accidental 
mixing of ſome bodies. b | | ; | 52. 

78. AIR is a fine inviſible fluid ſurrounding the globe of the Earth, 
and extended to ſome miles above its ſurface. N 

The ATMOSPHERE is that collection of air, and of bodies contained 
in it, which circumſcribes the Earth. + 

79. From a multitude of experiments air is found to be both heavy 
and ſpringy. | de; 

By its weight it is capable of ſupporting other bodies, ſuch as va- 
pours and fumes, in the ſame manner as wood is ſupported by water. 

By its ſpringineſs or elaſticity a quantity of air is capable of being ex- 
panded, or of ſpreading itfelf ſo as to fill a larger ſpace * ; and of being 
compreſſed or confined in a ſmaller compaſs +. 

a * Air is comprefled or condenſed by cold, and expanded or rarefied 
cat. 

"This is evident from a multitude of experiments. 

An alteration being made by heat or cold in any of the atmo- 
ſphere, its up. any we. Yang will be put in motion = endeavour 
which the air always makes to reſtore itſelf to its former ſtate. 

For experiments ſhew, that condenſed or rarefied air will return to its 
1 ſtate, when the cauſe of that condenſation or rarefaction is re- 
moved. | | 

81. WiND is a ſtream or current of air which may be felt; it uſually 
blows from one part of the horizon to its oppoſite part. 

82. The horizon, beſide being divided into 360 degrees, like all other 
circles, is by mariners ſuppoſed to be divided into four guadrants, called 
the north-eaſt, north-weſt, ſouth-eaſt, and ſouth-weſt quarters; each of 
theſe quarters they divide into eight equal parts,. called points, and each 
point, into four equal parts, called quarter-points.. SY 

So that the horizon is divided into 32 points, which are called rhumbs, 
or winds; to each wind is aſſigned a name, which ſhews from what 
point of the horizon the wind blows. TIT „ld. . 

The points of North, South, Eaſt, and Weſt, are called cardinal 
points; and are at the diſtance of go degrees, or 8 points, from one an- 
other. | ls Pan, 


— E—_ 6 my 
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Near 14000 times. Walli:'s Hydroſ. p. 13. 
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83. Winds are either eonftant-or variable, general or particular. 
Conſtant winds are ſuch as blow the ſame way, at leaſt for one or 

more days ; and variable winds are ſuch as frequently ſhift within a day. 
A general wind is that, which blows the ſame way over a large tract of 

the Earth, almoſt the whole year. REES | ' 
A particular wind is that which blows in any place, ſometimes one 
way, and ſometimes another, indifferently. | 
i the wind blows gently, it is called a breeze; if it blows harder, it 
is called a gale, or a ſtiff gale; and if it blows very hard, it is called a 
* | 1 | | 0 


m *, 
84. The following obſervations on the wind have been made by 
ſkillful feamen ; and particularly by the great Dr. Halley. - | 

1ſt. . Between the limits of 60 degrees, namely, from 309 of north 
latitude to 3o? of ſouth latitude, there is a conſtant eaſterly wind through- 
out the year, blowing on the Atlantic and Pacific Oceans ; and this is 
called the trade-wind. 5 m 

Fox as the Sun, in moving from eaſt to weſt, heats the air more im- 
mediately under him, and thereby expands it; the air to the eaſtward is 
conſtantly ruſhing towards the welt to reſtore the equilibrium, or natural 
ſtate of the atmoſphere, and this occaſions a perpetual eaſterly wind 
in thoſe latitudes, _ 

2d. The trade-winds near the northern limits blow between the 
north and eaſt; and near the ſouthern limits they blow between the 
ſouth and eaſt. | 

For as the air is expanded by the heat of the Sun near the equator ; 
therefore the air from the northward and ſouthward will both tend to- 
wards the equator to reſtore the equilibrium. Now thoſe motions from 
the north and ſouth, joined with the foregoing eaſterly motion, will pro- 
duce the motions obſerved near the ſaid limits between the north and 
eaſt, and between the ſouth and eaſt. 

3d. Theſe general motions of the wind are diſturbed on the conti- 
nents, and near their coafts. . 

Fox the nature of the ſoil may cauſe the air to be either heated or 
cooled; and hence will ariſe motions that may be contrary to the fore- 
going general one. EL I * 2 888 

4th. In ſome parts of the Indian ocean there are periodical winds, 
called Monsooevs ; that is, ſuch as blow one half the year one way, and 
the other half-year the contrary way. 
Fon air that is cool and denſe, will force the warm and rarefied ait in 
a continual. ſtream' upwards, where it muſt ſpread itſelf to preſerve the 
equilibrium: So that the upper courſe or current of the air ſhall be con- 
trary to the under current; for the upper air muſt move from thoſe parts 
where the greateſt heat is; and fo, by a kind of circulation, the N. E. 
trade-wind below will be attended with a 8. W. above; and a S. E. be- 
low with a N. W. above: And this is confirmed by the experience of 
ſeamen, who, as ſoon as they get out of the trade: winds, immediately 
find a wind blowing from the oppoſite quarter. - 


— 


— ä 


——— 
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The ſwiftneſs of the wind in a ſtorm is not more than g or 60 miles in 
an hour; and a common briſk gale is about 15 miles an hour. 1 


sth. In the Atlantic Ocean near the coaſts of Aftica, at about 100 
leagues from the ſhore, between the latitudes of 289. and 10 north, ſea» 
men conſtantly meet with a freſh gale of wind blowing from the N. E. 

6th. Thoſe bound to the Caribee Iſlands, acroſs the Atlantic Ocean, 
find, as they approach the American fide, that the faid N. E. wind be- 
comes eaſterly ; or ſeldom blows more than a point from the eaſt, either 
to the northward or ſouthwarrea . 

Theſe trade winds, on the American fide, are extended to 30, 31, or 
even to 329 of N. latitude; which is about 4 farther than what they 
extend to on the African fide. Alſo to the ſouthward of the equator, the 
trade winds extend 3 or 4 degrees farther. towards the coaſt of Brafil on 
ry ey fide, than they do near the Cape of Good Hope on the 

rican ſide. x ava nor 1 

7th. Between the latitudes of 4 North and 4* South, the wind al- 
ways blows between the ſouth and eaſt : On the African fide the winds 
are neaceſt to the ſouth ; .and on the American, fide neareſt to the eaſt; 
In theſe ſeas Dr. Halley obſerved, that when the wind was caſtward, 
the weather was gloomy, dark, and rainy, with hard gales of wind : but 
when the wind veered to the ſouthward, the weather generally became 
ſerene with gentle breezes next to a.calm, | | . dunn 

Theſe winds are ſomewhat changed by the ſeaſons of the year; for 
when the Sun is far northward, the Braſil S. E. wind gets to the ſouth, 
and the N. E. wind to the eaſt; and when the Sun is far ſouth, the 8. E. 
wind gets to the eaſt, and the N. E. winds on this fide of the equator - 
veer more to the north. * 7 05 14 gi 

8th. Along the coaſt of Guinea, from Sierra Leon to the Iſland of 
St. Thomas (under the equator), which is above 500 leagues, the ſouth- 
erly and ſouth-weſt winds blow perpetually. For the 5. E. trade-wind 


having paſſed the equator, and approaching the Guinea coaſt within 80 
or 100 leagues, inclines towards the ſhore, and becomes ſouth, then 
S. E. and by degrees, as it comes near the land, it veers about to ſouth, 
S. S. W. and in with the land it is S. W. and ſometimes W. S. W. 
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- - The laſt three obſervations ſhew the reaſon” of two things which 
mariners experience in failing from Europe to India, and in the Guinea 


trade. 


- Firſt.” The difficulty which ſhips in going to the ſouthward, eſpe- 
cially in the months of July and Auguſt, find in paſſing between the 
coaſt of Guinea and Braſil, notwithſtanding the width of this fea is more 
than 500 leagues. This happens, becauſe the 8. E winds at that time 
of the year commonly extend ſome degrees beyond the ordinary limits of 
4* N.-latitude'j and befides come ſo much ſoutherly, as to be ſome- 
times ſonth, ſometimes a point or two to the weft; it then only remains 
to ply-to windward: And if, on the one fide, they ſteer W. 8. W. 
they get a wind more and more eaſterly; but then there is a danger of 
falling in with the Braſilian coaſt, or ſhoals ; and if they fteer E. S. E. 
they fall into the neighbourhood of the coaſt of Guinea, from whente 
they cannot depart without running eaſterly as far as the iſfand of St. 
Thomas; and this is the conſtant practice of all the Guinea ſhips. 3 
Secondly. All ſhips departing from Guinea for Europe, their direct 
courſe is northward z but on this courſe they cannot go, becauſe the 
coaſt bending nearly eaſt and weft, the land is to the northward: 
Therefore as the winds on this coaſt are generally between the 8 and 
W. S. W. they are obliged to ſteer S. S. E. or ſouth, and with theſe 
courſes they run off the ſhore; but in ſo doing they always find the 
winds more and more contrary ; ſo that when near the ſhore, they cat 
lie ſouth, at a greater diſtance they can make no better than 8. E., and 
afterwards E. S. E.; with which courſes they commonly fetch the Ifland 
of St. Thomas and Cape Lopez, where finding the winds to the eaſt- 
ward of the ſouth, they fail weſterly with it, untill they come to the la- 
titude of 4 degrees ſouth, Where they find the 8. E. wind blowing 
perpetually. | | 1 


On account of theſe general winds, all thoſe who uſe the Weſt- India 
trade, even thoſe bound to Virginia, reckon it their beſt courſe to get as 
foon as they can to the ſouthward, that ſo they may be certain of a 
fair and freſh gale to run before to the weſtward. And for the ſame 
reaſon the homeward- bound ſhips from America endeavour to gain the 
latitude of 30 degrees, where they firſt find the winds begin to be vari- 
able ; though the moſt ordinary winds in ĩhe north Atlantic Ocean come 
from between the ſouth and weſt . MP 
' 1th. Between the ſouthern latitudes of 10 and 20 degrees in the In- 
dian Ocean, the general trade-wind about the S. E. by S is found to 
blow all the year long in the ſame manner, as in the Hike latitude in the 
Ethiopic Ocean: and during the fix months from May to December, 
theſe winds reach to within 2 degrees of the equator; but during the 
other fix months, from November to June, à N. W. wind blows in the 
tract lying between the 3d and roth degrees of ſouthern latitude, in the 
meridian of the north end of Madagaſcar: and between the 2d and 12th 
degree of ſouth urls, near the longitude of Sumatra and Java. 


14th. Tn 
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11th. In the tract between, Sumatra and the African coaſt, and from 
3 degrees of ſouth latitude quite northward to the Afiatic coaſts, in- 
cluding the Arabian Sea and the Gulf of Bengal, the Monſoons blow 
from jon — —— 8 N. E; and from March to October on 
the 8. W. In the former half year the wind is more ſt d le 
and the weather cleater than in the aer e months — 5 8 5 i 
more tcong and ſteady in the/Arabjan. Sea than in de Galt t Bengal. 
| aft jt 2H O00 RH ele 1 tc 4) 123 85 ＋ 57 
.. ;12th,. Between the Iſland of Madagafcar and the cnaſt.of Africa; and 
thence northward as far ats the equator, -there" is a tract, where from 
Aptil to 3 chang there is a conſtant freſh 8. S. W. winds which to the 


. 


the Arabian EA. ; 10135 87184 
eehte de git id vd Het vitegigats csibed alzd: aff 
13th. To the eaſtward of Sumatra and Malacca onthe north of the 
equator, and along the coaſts of Cambodia and China, quiſe through 
the Philippines as, far as Japan, the Monſoons blow. northerly and 
ſoutherly, the northern ſetting in about; October or, November, and 
the ſouthern about May; the winds are not quite ſo oertain as thoſt itt 
the Arabian Seas. 4 „nobel wo nge s , 
„ish. ot ae wen lie elite 21908 io ig He 19530 10 153 
-- 14th» Between Sumatra and Java to the weſt, and New Guinea to 
the: eat; the ſame northerly and ſoutherly winds are obſetved ; but the 
firſt half year Monſoon inclines to the N. W. and the latit tothe 8. K. 
Theſe winds begin a month or ix werks after thote ĩn che Chineſe Seas 
ſet in, and are quite as variable. einn mal 9001 * Wr * 
neo bas een Nie Ine eisig ebio din M 543 67 
15th. Theſe eontrary winds do not ſhift from bne point: to ts oppo- 
ſite all at once; in ſome places the time of the change is attended with 
calms, in others by variable winds. Aud it oſten happens on the ſhbres 
of Coromandel and China, towards thesen f the, Munſoots, that 
there are moſt violent ſtorms, greatly reſomblitig'th&kurricands in che 
Weſt Indies ; when the wind is ſo vaſtly firong, hat hardly an; thing 
can refilt its ſorce. 135016) Pelu kid Wr a monie 
4 wth ere ots „enn 90 0710 HUT TAY, 363 / f 
All navigation in the Indian Ocean muſt neceſſatily be regulated by 
theſe' winds; for if marigers * delay theit voyages tilt the con- 
trary Monſoon begins, they mult either fail back, or 80 into hatbour, 
and wait for the return of the trade- wind. e 
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35. A Tipr ie that motion of the water in the ſeas and rivers, by 
which they are found Wes w riſe and 61) © I. 


„ . 


© The general cauſe bf the tides was diſcovered by Sir Iſaac Newton, 
and is deduced from the following conſiderations. . e 
86. Daily experience ſhews, that all bodies'thrown upwards from the 
Earth, fall down to its ſurface in perpendicular lines; and as lines per- 
pendicular to the ſurface of a ſphere tend towards the center, therefore 
the lines, along which all heavy bodies fall, ate directed towards tlie 
Earth's center. . 
As theſe bodies apparently fall by their weight, or gravity; therefore 
the law by which they fall, is called te Law or GRAVITATION. 
87. A piede of glaſs, amber; or ſealing wax, and ſome other things, 
being rubbed againſt the palm of a hand, or againft a woollen cloth, 
until they be warmed, will draw bits of paper, or other light fub- 
ſtances towards them, when held ſuſficiently near thoſe ſubſtances. 
Alſo a magnet, or loadſtone, being held near the filings of iron or 
Kee), or other ſmall pieces of theſe metals, will draw them to itſelf ; 
and a piece of hammered iron or ſteel, that has been rubbed by a magnet, 
will have a like property of drawing iron or ſteel to "itſelf. And this 
property ĩs called Ar TRAcTioͤð ss. 
88. Now as bodies by their oy fall towards the Earth, it is not 
improper to ſay the Earth attracts thoſe bodies; and therefore in reſpect 
to the Earth, the words gravitation and attraction may be uſed one for 
the other, as by them is meant no more than the power, or law, by 
which bodies tend towards its center e weer g 
And it is likely, that this is the cauſe, why the parts of the Earth ad- 
here and keep eloſe to one another. 0 
89. The incomparable Sir Iſaae Newton, by a ſagacity pecnliar to 
bimielt, diſcovered from many obſervations, that this law of gravitation 
or attraction was univerſally diffuſed throughout the ſolar: ſyſtem; 
and that the regular motions obſerved among the heavenly bodies were 
governed by this ſame principle; ſo that the Earth and Moon attracted 
each other, and both of them are attracted by the Sun. He diſcovered 
alſo that the force of attraction, exerted by theſe bodies one on the other, 
was leſs and leſs as the diſtance increaſed, in proportion to the ſquares 
of thoſe diſtances; that is, the power of attraction at double the Hſtance 
was four times leſs, at triple the diſtance nine times leſs, at quadruple 
the diſtance ſixteen times leſs, and ſo on. | 
90. Now as the Earth is attracted by the Sun and Moon, therefore 
all the parts of the Earth will not gravitate towards its center in the 
. fame manner, as if thoſe parts were not affected by ſuch attractions. 
And it is very evident that, were the Earth entirely free from ſuch actions 
of the Sun and Moon, the ocean being equally attracted towards its 
center, on all ſides, by the force of gravity, would continue in a per- 
fect ſtagnation without ever ebbing or flowing, But ſince the vo 1 1s 
otherwiſe, the water in the ocean muſt needs riſe higher in thoſe FR 
| Where 
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1 the Sun and Moon diminiſh its gravity, ot where the Sun and 
oon _ the 2 3 . hn 
As the force of. gravity muſt be diminiſhed moſt in thoſe parts of, the 

Earth to which che Moor Ib Neareſt or. in the ZENITH — han 

the is vertical or perpendicularly gver, and conſequently where het at- 

traction is moſt powerful; therefore the waters in ſuch places will: rife 

f?. ſuch play... |... 
91. The parts of abe Earth directly under the Mean, end alſo theſe in har 

Nai, viz. ſuch places as are diametrically oppe/ugitoghgſe. where the Maur 

is in the Zenith, will haue the fleadg. ar. High watery at the. ſams lime. 
For either half. of the Earth, would gravitate, equally towards. the 

other half, were. they free from all external attraRtion. + s 07 

But by the action of the Moon the gravitation of one half · earth ta- 

wards its center, is diminiſhed, and of the other is increaſed. 

No in the half- earth next the Moon the patts in the zenith being 
molt attracted, and thereby, their. grayitation tawards the Earth's center 
diminiſhed, the waters in thaſe pars muſt be higher than in any other 

part of this half earth. T adi 20h 2 2 uben „ £6.14 99601 

And in a een . ee the pants in the nadir 
being leſs attracted. by the Moon than the parts nearer to her, gravitate 
leſs towards the Earth's center, and conſequently the waters in theſe 
parts muſt be higher, than they are in any other part of this half- earth. 
92. Theſe parts of tbe Earth, where.the, Moon appear! inthe beriam or 
is go degree: diflant from the Zenith and nadir, will haue the ebb or lnugf 

WES. 501 4 bin agiont ad: 321) ar dd d lum i] 
For as the waters in the zenith and nadir; tiſe at the fame. time, 

the waters in their neighbourhood will preſs towards thoſe places to 
maintain the equilibrium; and to ſupply the places of theſe, others will 
move the ſame way, and ſo on to places of gg? diſtant from the ſaid 
zenith and nadir; conſequently in thoſe places where the Moon 
appears in nemme. the waters will have more liberty to deſcend 
det the center; and therefore in thoſe places they will be the 

owe um nook als. bf Nen load u 00 Bi 5 200 

93. Hence it plainly follows, that the ocean, if it coyeted the ſurface 
of the Earth, muſt put on a ſpheroidal, or egg- like figure; in which 
the longeſt diameter pailes through the place where the Moon is vertical: 
and the ſhorteſt diameter will be, where ſhe is in the horizon. And 
as the Moon apparently ſhifts her poſition. from eaſt to weſt in going 
round the Earth every day, the longer diameter of the ſpheroid follow 
ing her motion, will occasion the two floods and ebbs obſervable in about 
every 25 hours, Which is about the length of a lunar day, or the time 
ſpent between the Moon's leaving the meridian of any place, and coming 
to it again. | 12697 od. 


94. Hence the greater the Moon's meridian altitude is at any place, 
the greater thoſe tides will be which, bappen when ſhe is above the ho- 
rizon ; and the greater her meridian depreſſion is, the greater will thoſe 
tides be which happen while ſhe is below the borizon, % 

© Moreover the ſummer day, and the winter night tides have a-ten- 
dency to be higheſt, becauſe, the-Son's ſummer altitude and his winter 
depreſſion are greateſt ; but this is more eſpecially to be noted when;the 


11 Moon 


* 
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Moon has north declination itt ſummer, and ſouth declination in 
winter. n | Lake 
« The time of high water is not Preciſely at the time of the Moon's coming 
10 95 meridian, — about an hour Z 1 7 . 
For the moon acts with ſome force after ſhe has paſt the meridian, 
and by that means adds to the libratory, or waving motion, which the 
had put the water into, whilſt ſhe was in the meridian; in the ſame 
manner as a ſmall force'applied upwards to a ball already raiſed to fome 
* raiſe it ſtill h her. AL om. F 45 
6. tides are greater than ordinary twice month; that is, about 
the times of new and full Moon © theſe are e kinds ä 
Fok at theſe times the actions of both Sun and Moon concur to draw 
in the ſame right line; and thetefore the ſea muſt be more elevated. In 
conjunction, or when the Sun and Moon are on the ſame fide of the 
Earth, they both eonſpite to raiſe the water in the zenith, and conſe- 
uently in the nadir,, And when the Sun and Moon are in oppoſition, 
that is, when the Earth is between them;'whilſt one makes bigh-water in 
the zenith and nadir, the other does the ſame in the nadir and zenith. 
97. The tides are leſs than ordintiry twice every month; that is,” about the 
_ of firfl and laſt quarters of the Moon: and theſe are called Neay 
IDES. nz up ie Dal | * 
-  BecavsE in the quarters of the Moon the Sun raiſes the water where 
the Moon depreſſes it; and depreſſes where the Moon raiſes the water; 
To that the tides are made only by the difference of their actions. 
It muſt be obſerved, that the ſpring tides happen not directly on the 
new and full Moons, but rather a day or two after, when the attractions 
of the Sun and Moon have conſpired together for a conſiderable time. 
In like manner the neap-tides happen a day or two after the quarters, 
when the Moon's attraCtion has been lefſened by the Sun for ſeveral days 
together. | | | | | 
98. When the Moon is in her PERIGX®UmM, or nearęſi approach to the 
Earth, the tides increaſe more than in the ſame circumſtances at other times. 
Fox according to the laws of gravitation, the Moon muſt attract moſt 
when ſhe is neareſt to the Earth. 7 OS 
90. The ſpring-tides are greater about the time of the EQU1nox ES, that it, 
about the latter ends of March and September, than at other times of the year 
and the neap-tides then are leſs. — | 3 
Bxcavsz the longer diameter of the ſpheroid, or the two oppoſite 
floods, will at that time be in the Earth's equator; and conſequentl 
will deſcribe a great circle of the Earth; by the diurnal rotation « 
which thoſe floods will move ſwifter, deſcribing a great circle in the 
ſame time they uſed to deſcribe a leſſer circle parallel to the equator, and 
conſequently the waters being thrown more forcibly againſt the ſhores, 
muſt riſe higher. * 138 
100. The following obſervations have been made on the tiſe of the 
tides. 4219 2% | | 8 
iſt. The morning - tides generally differ in their riſe from the evening« 
tides. | ene ee 8 a 
ad. The new and full Moon ſpring-tides riſe to different heights. 
- 234. In winter che morning-tides ace higheſt . 
bow 4 4 ] 4th. In 


bl 


* 
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Ath. In ſummer the eveuing-tides are higheſt. 
So that after a period of about- ſix months the order of the tides are 

inverted; that is, the riſe of the morning and evening-tides will change 

places, the winter morning high-tides becoming the ſummer evening 
high-tides. | 77 Si; oc BY 1 Nn 

Some of theſe effects ariſe from the different diſtances of the Moon 
from the Earth after a period of fix months, when ſhe is in the ſame 
ſituation with reſpect to the Sun; for, if ſhe is in petigee at the time 


of new moon, in about ſix months after ſhe will be in perigee about the 


time of full Moon. 0 | 

Theſe particulars being known, a pilot may chuſe that titne whith is 
molt convenient for conducting a ſhip-in'or out of a'port, where there 
is not ſufficient depth at low- water.. N. 

Small inland ſeas, ſuch as the Mediterranean and Baltic, are little 
ſubject to tides; becauſe the action of the Sun and Moon is always 
nearly equal at both extremities of ſuch ſeas. In very high latitudes 
the tides are alſo very inconſiderable. For the Sun and Moon acting 
towards the equator, and always raiſing the water towards the middle 
of the torrid zone, the neighbourhood of the poles muſt conſequently be 
deprived of thoſe waters, and the fea muſt, within the frigid zones, be 
low, with relation to other parts. 9 0 | / 

101. All the things hitherto: explained would exactly obtain, were 
the whole ſurface of the Earth covered with ſea. But fince it is not ſo, 
and there being a multitude of iſlands, beſides continents, lying in the 
way of the tide, which interrupt its courſe ; therefore in many places 
near the ſhores, there ariſes a great variety of other appearances beſide 
the foregoing ones, which require particular ſolutions} in which the 
ſituations of the ſhores, ſtraits, ſhoals, winds, and other things, muſt 
neceſſarily be confidered. For inſtance: | — | 

102. As the ſea“ has no viſible paſſage between Europe and Africa, 
let them be ſuppoſed to be one continent, extending from 78 degrees 
north to 34 degrees ſouth, the middle between theſe two would be in 
latitude 19 degrees north, near Cape Blanco on the weſt coaſt of Africa. 
But it is impoſſible, that the flood=tide ſhould ſet to the weſtwarꝗ upon 
the weſtern coaſt of Africa (for the general tide following the courſe of 
the Moon, mult ſet from eaſt to weſt), becauſe the continent for above 
50 degrees, both northward and ſouthward, bounds that ſes on the eaſt; 
therefore if any regular tide, proceeding from, the motion of the fea, from 
eaſt to weſt, ſhould reach this place, it muſt come either from the north 
of Europe ſouthward, or from the ſouth of Africa northward, to the ſaid 
latitude upon the welt coaſt of Africa. - LR 1 

103. This opinion is further corroborated, or rather fully confirmed 
by common experience, which ſhews that the flooditide ſets to the ſouth- 
ward along the weſt coaſt of Norway,” from the north cape to the Naze, 
or entrance of the Baltic Sea, and ſo proceeds to the ſouthward along the 
eaſt coaſt of Great Britain; and in its paſſage ſupplies alt thoſe potts with 


the ride one after another, the coaſt of Scotland having the tide firſt, be- 


2 — — 


b — 


* Yarmin;'s Geogr. P · 813. Edit, 1734. 
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cauſe it proceeds from the northward to the ſouthward; and thus. on 
the days of the full, or change, it is high-water at Aberdeen at ab 45m. 
but at Tinmouth Bar, the ſome day, not till 3h. From thence rolling to 
the ſouthward, it makes high-water at the Spurn a little after 5 hi but 
not till Gh. at Hull, by reaſon of the time required for its paſſage up the 
river; from thence paſſing over the Melilant into Yarmouth Road, it makes 
high-water there a little after 8 h. but in the Pier not till gh., and it re- 
quires near an hour more to make high-water at Yarmouth town; in the 
mean time ſetting away to the ſouthward, it makes high-water at Har- 
wich at 10 h. 3om., at the Nore at 12, at Graveſend 1 h. 30m., and at 


London at Zh. all on the fame day. And although this may ſeem to 


contradict that hypotheſis of the natural motion of the tide being from 
caſt to welt, yet as no tide can flow weſt from the main continent of 
Norway or Holland, or out of the Baltic, which is ſurrounded by the 
main continent except at its entrance, it is evident that the tide we have 
been now tracing by its ſeveral ſtages from Scotland to London, is ſup- 
plied by the tide, the original motion of which is from eaſt to weſt; yet 
as water always inclines to the level, it will in its paſſage fall towards 
any other point of the compaſs, to fill up vacancies where it finds them, 
and yet not contradict, but rather confirm, the firſt hypotheſis. 

104. While the tide, or high-water, is thus gliding to the ſouthward 
along the eaſt coaſt of England, it alſo ſets to the ſouthward along the 
welt coaſts of Scetland and Ireland, a branch of it falls into Sr. George's 
channel, the flood running up north-eaſt, as may be naturally inferred 
from its being bigh-water at Waterford above three hours before it is 
high-water at Dublin, or thereabout, on that coaſt; and it is three 
2 of an hour ebb at Dublin before it is high · water at the J/le of 

an, &c. 

But not to proceed farther in particulars than to our own, or the Britiſb 
channel, we find the tides ſet to the ſouthward from the coaſt of Ireland, 
and in their paſſage a branch falls into the Br:t: channel between the 
Lizard and Uſbant ; this progreſs to the ſouthward may be eaſily proved 
by its being high-water on the day of the full and changes at Cape Clear 

alittle after 4h , and at Uſhant about 6 h., and at the Lizard after 7 h. 
The Lixard and Uſhant may properly be called the chaps of the Britifh 
channel, between which the flood ſets to the eaſtward along the coaſts 
of England and France, till it comes to the Goodwin or Galloper, where it 
meets the tide before mentioned, which ſets to the ſouthward along the 
eaſtern coaſt of England to the Downs, where theſe two tides meeting, 
contribute very much towards ſending a powerful tide up the river 
Thames to London, And when the natural courſe of theſe two tides has 
been interrupted by a ſudden ſhift of the wind, by which means that tide 
was accelerated which had before been retarded, and that driven back 
which was before hurried in by the wind, it has been known to occaſion 
twice high-water in 3 or 4 hours, which, by thoſe who did not confider 
this natural cauſe, was looked upon as a prodigy. 

105. But now it may be objected, that this courſe of the flood-tide, 
eaſt, or eaſt · north- eaſt, up the channel, is quite contrary to the hypo- 
"theſis of the general motion of the tides being from eaſt to weſt, and 
conſequently of its being high- water where the moon is vertical, or any 
where elſe in the meridian. WE 


In 


1 


tracted. 
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In anſwer. This particular direction of any branch of the tide does 


not at all contradict the general direction of the whole; a river, with 


a weſtern courſe, may ſupply canals which wind north, ſouth, or eveu 
eaſt, and yet the river keep its natural courſe ; and if the river ebbs and 
flows, the canals ſupplied by it would do the ſame, although they did 
not keep exact time with the river, becauſe it would be flood, and the 
river advanced to ſome height, before the flood reached the farther part of 
the canals; and the more remote the canals are, the longer time it 
would require; and it may be added, that if it was high - water in the 
river juſt when the moon was on the meridian, ſhe would be far paſt it 
before it could be high-water in the remoteſt, part of thoſe canals, or 
ditches, and the flood would ſet according to the courſe of thoſe canals 
that received it, and could not ſet weſt up a canal of a different pofition; 
and as St. George's channel, the Britiſb channel, &c. are no more in 
proportion to the vaſt ocean, than theſe canals are to a large navigable 
river; it will evidently follow, that among thoſe obſtructions and con» 
finements the flood may ſet upon any other point of the compaſs as well 
as weſt, and may make high-water at any other time as well as when the 
Moon is upon the meridian, and 


nd yet no way contradict the general 
theory of the tides before aſſerted. | | 


106. When the time of high-water at any place is, in general, men- 
tioned, it is to be underſtood on the days of the ſyzygies, or days of 
new and full Moon, when the Sun and Moon paſs the meridian of that 
place at the ſame time. Among pilots it is cuſtomary to reckon the 
time of flood, or high-water, by the point of the compaſs the Moon is 
on at that time, allowing 4 of an hour for each point: Fhus on the full 
and change days, in places where it is flagd at noon; the tide is ſaĩd to 
flow north and ſouth, or at 12 o'clock; in other places, on the ſame 
days, where the Moon bears 1, 2, 3, 4, or more points to the eaſt or 
welt of the meridian, when it is high-water, the tide is ſaid to flow on 
ſuch point: Thus, if the Moon bears 8. E. at flood, it is faid to flow - 
8. E. and N. W.; or 3 hours before the meridian, that is; at g o'clock ; 
if it bears 8. W., it flows 8. W. and N. E., or at 3 hours after the me- 
ridian; and in like manner for other points of the Moon's bearing. 

107. In ſome places it is high water on the ſhore, or by the ground, 
while the tide continues to flow in the ſtream, or offing; and according 
to the length of time it flows longer in the ſtream than on the ſhore, it 
is ſaid to flow tide, and ſuch part of tide ; allowing 6 hqurs to a tide; 
Thus 3 hours longer in the oihng than on the ſhore make tide and 
balf-tide ; an hour and halt longer makes tide and quarter-tide; three 
quarters of an hour longer make tide and half-quarter tide z &. : 
108. Along an extent of coaſt next to the ocean, ſuch as the weſtern 
coaſt of Africa, and the eaſtern and weſtern coaſts of South America, it 
is generally high- water about the ſame hour. But ports on the coaſts of 
narrow ſeas, or * land, have the times of their high · water ſooner 
or later on the ſame day, according as thoſe ports are farther fe- 
moved from the tide's way, or have their entrances more or leſs con- 

109. The times of high-water, in any place, fall about the ſame 
hours aſter a period of 15 days nearly, which is the time between one 
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ſpring-tide and another: and during that period, the times of high- 
water fall each day later by about 48 minutes. 

10. From the obſervations of different perſons the times when it is 
| high-water on the days of the new and full Meon on moſt of the ſea- 
coaſts of Europe, and many other places have been collected. Theſe times 
are uſually put in a table againft the names of the places, digeſted in an 
alphabetical order; the like is followed in this work, only they are not 
given in a table by themſelves, but make a column in the table of the 
latitudes and longitudes of places; which column is not filled up againſt 
many of the names in that table, for want of a ſufficient collection of 
obſervations. This may be fupplied by thoſe who have opportunity and 
iuclination. 2 | | TEN, | Wt 

I he ufſe of ſuch a table is to find the time when it is high-water at 
any of the places mentioned in it, But as this depends upon knowing 
the time when the Moon comes to the meridian, and this on the Moon's 
age, and this on the knowledge how to find ſome of the common notes 
in the Calendar; therefore it was thought convenient to introduce in this 
place a compendium of Chronology, containing the ſeveral articles above 
mentioned, , | . | 


SECTION vn. 
Of Chronology. 


111. CHRONOLOGY is the art of eſtimating, and comparing together, 
the times when remarkable events have happened, ſuch as are related in 
hiſtory. 0 10 | 

An ARA, or EeocHa, is a time when ſome memorable tranſaction 
occurred ; and from which ſome nations date, and meafure their com- 
putations of time. 


N of | Years | 

he Julian] before 
| Period, | Chriſt. | 
Some have datedtheirevents from the ereation 510 my 

of the world, and ſuppoſe it to have happened. F | 7 |. 4004 
Others from the . 1 236 2348 
zreeks their Olympi e , | | 

4 Greeks from their Olympiads of 4 y o 3938 | 776 

'The Romans from the building of Rome. | 3961 | 753 
The Aſtronomers from Nabonaſſar King of 3 * | | 
CO inks hated dank of it 3 271 
Some Hiſtorians from the death of Alexan- | 
der the Great. of | 4390 | 324 | 
The Chriſtians from the birth of Chriſt. " gft2 4&4 
The Mahometans from the flight of —— | wo | 
met, called the Hegira. | * 5335 "I 


488 minutes, 55 ſeconds, nearly; being leſs than the 
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In order to aſſign the:diſtance bel cen theſe, and other events, be 


ancients found it neceſſary to have a large: meaſure of time. the limits of 
which was naturally pointed out to them by the return of the ſeaſons; 
and this interval they called a year Lon 2m 
112. The moſt natural dieiſion of the year appeared to them to be 
the returns of the new Moon; and as they obſerved 12 new Moons to 
happen within the time of the general return of the ſeaſons} they there- 
fore firſt divided the year into 12 equal parts, mbich they called months 
and as they reckoned about 30 returns of morning and evening between 
the times of the new. moon and new moon, therefore they feckoned 
their month to eonſiſt'of 30 days, and their year, or 1a months, to 
contain 360 days; and this is what is generally underitood by the lunar 
year of the ancients . Uiyom ν ε 15 2919 26 adi di su, 
112. But in length of. time it was found, that this year did not agree 
with the courſe of the Sun, the ſeaſons gradually falling later in the year 
than they had been formerly obſerved j; chis put them upon correcting 
the method of eſtimating their year, which they did from time to time, 
by taking a day or two from the month, as oſten as they found it too 
long for the courſe of the Moon; and by adding a month, called an in- 


tercalary month, as often as they found 12 lunar months to be too ſhort | 


for the return of the four ſeaſons and fruits of the Earth. This kind 
of year, ſo corrected from time ta time by the pꝓrieſts, whoſe. buſineſs it 
was, is what is to be:underſtood by the funigſalar year; which was an- 
ciently uſed in moſt nations, and is ſtill among the Arabs and Turks,” 


As a great variety of methods was uſed in different countries to cor- 
rect the length of the year, ſome by intercalating days in every year, 
and others by inſetting months and days in certain returns, or periods of 
years; and theſe different methods being obſerved by ſome eminent men 
to create a conſiderable difference in the acedunts ot time kept by neigh- 
bouring nations, introducing a chnſuſion in the chronological order. of 
times, they therefore invented cettain periods of years, called cycles, 


with which they compared the moſt memorable oceurrences. 


114. At length Julius Cæſar obſerving the confuſion which this ra- 


riety of accounts occaſioned, and knowiag that his order, as Emperor 
of the Romans, would be followed by a very conſiderable part of the 
world; he therefore; about 40 years before the birth of Chriſt, decreed 
that every fourth year ſhould conſiſt 360. days, and the other three of 
365 days each. This he did in conſequence of the-information given 


him by So/igenes, an eminent mathemazician of Alexandria in Egypt ; 


for at that time the philoſophers of the Alexandrinian ſchool knew from 
a length of experience, that the year conſiſted of about 355 days and a 
quarter; and this was the reaſon of ordering every fourth year to conſiſt 
of 366 days, thereby compenfating for the quarter day omitted in each 
of the preceding three years. This method, called the Fulian Account, 
or Old Stile, continued to be uſed in moſt Chriſtian ſtates until the 
ear 1582. ; * . 

F — fince the time of Julius Cz/ar, have found that the 
true length of the ſolar year, or common year, is 3 days, 5 hours, 
ulian, of 365 days, 

b hours, by about 11 minutes, 5 ſeconds, which is about the 1 30th 
| G3 part 
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part of 86400, the ſeconds contained in a day; ſo that in 130 Julian 
years there would be one day gained above 130 ſolar years; and in 400 
Julian years there would be gained 3 days, 1 hour, 53 minutes, 20 
ſeconds; conſequently one day omitted in every 130 common years, 
would bring the current account of time to agree very nearly with the 
motion of the Sun. | 

115. In the year of our Lord 325, when the Council of Nice ſettled 
the day for the celebration of Eaſter, the Vernal Equinox (that is, the day 
in the ſpring when the Sun roſe at fix and ſet at fix) happened on the 
21ſt of March; but about the year 1580 the Vernal Equinox fell on the 
11th of March, making a difference of about 10 days. Now Gregory 
the XIHth,, who was Pope at that time, obſerving that this difference 
of time in the falling out of the Equinox would affect the intention of 
the Nicene Council concerning the time of the year appointed by them for 


the celebration of Eaſter z he therefore, in the year 1581, publiſhed a 


Bull, ordering that in the year 1582 the th of October ſhould be called 
the 15th, and fo on; thus the 10 days taken off would cauſe the time 
of the Vernal Equinox to fall on the 21ſt of March, as at the time of the 
Nicene Council: and becauſe a little more than three days were gained 
in every 400 years by the Julian account; therefore, to prevent any 
future difference, every century, or number of 100 years, not diviſible 
by 4, ſuch as 17 hundred, 18 hundred, 19 hundred, &c. ; ſhould con- 
tain =y 365 days, which, by the Julian account ſhould have con- 
tained 366; and the centuries diviſible by 4, ſuch as 16-hundred, 20 
hundred, 24 hundred, &c. ſhonld be leap-years of 366 days: and thus 
the three days would be omitted, which the anticipation of the equinoxes 
would gain in 400 years; the ſmall exceſs of 1 hour, 53 minutes, 20 
ſeconds, not amounting to a whole day in leſs than 5082 years, being 
2 as inconſiderable; the intermediate years to be reckoned as they 


uſed to be in the Julian or Old Stile. This Pope's alteration, called the 


Gregorian or New Stile, was received in . moſt of the Chriſtian ſtates: 
But ſome at that time choſe to continue the Julian; among whom 
were the Engliſh and they, in the year 1752, reformed their account, 
and introduced among themſelves a new one, that nearly correſponds. 
with the Gregorian. | | 

A certain length of the year being once ſettled, and a regular account 
of time in conſequence of it being ſo fitted, as to conform invariably to 
the ſeaſons ; it was natural for the States who received ſuch account, to 
fit to it aregiſter of the days in each month, and to note the days when any 
remarkable occurence was to be commemorated ; and ſuch regiſter has 
obtained the name of Calendar. | | 

116. The Calendar now in uſe among moſt of the Chriſtian ſtates 

conſiſts of 12 months, called January, February, March, April, May, 
June, Fuly, Auguſt, September, October, November, December; theſe 
months are called ci; the number of days in each may he readily re- 
membered by the following rule, | F- 

117. Thirty days has September, April, Zune, and November; 

February has twenty-eight alene, All the reſt have thirty one. 

When the year conſiſts of 305 days: But in every fourth, which con- 

fiſts of 366 days, February has 29. This additional day was _ 
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lated after the 24th of February, which in the Old Roman Calendars: 


was called the fixth of the calends of March, and being this year reckoned 


twice over, the year was called Biſſertile, or LEap-YeAR. 

Beſide the months, time is, alſo divided into weeks, days, hours, 
minutes, &c. a year containing 52 weeks, a week 7 days, a day 24 
hours, an hour 60 minutes, &c. | 

In the Calendars it has been uſual to mark the ſeven days of the week 
with the ſeven firſt letters of the alphabet, always calling the firſt of 

January A, the 2d B, the zd C, the 4th D, the 5th E, the 6th F, and 
the 7th G, and fo on, throughout the year; and that letter anſwering 
to all the Sundays for a year, is called the Dominicar LET TEK. 

According to this diſpoſition, the letters anſwering to the firſt day of 
every month in the year will be known by the following tule. 

118. At Dover Dwells George Brown, Eſquire, 

Good Chriſtorpher Finch, and David Frier. 
Where the firſt letter of each word anſwers to the letter belonging to che 
firſt day of the months in the order from January to December. | 

119. A year of 365 days contains 52 weeks and 1 day; and a leap- 
year has 52 weeks and 2 days; therefore the firſt and laſt days of a com- 
mon year fall on the ſame-week-day, ſuppoſe it Monday; then the next 
year begins on a Tueſday, the next year on M edneſday, and ſo on to the 
eighth year, which would be on Monday again, did every year contain 
365 days; alſo the Dominical letter would run backwards through all 
the ſeven letters. But this round of ſeven years is interrupted by the 
leap-years ; for then February having a 2gth day annexed, the firit 
Dominical letter in March muſt fall a day ſooner than in the common 
year; ſo that leap-year has two Dominical letters, the one (ſuppoſing G) 
ſerving for January and February, and the other, which is the preceding 
tetter (F) ſerves for the reſt of the Sundays in that year, 

120. The SoLAR CYCLE, or cycle of the Sun, is a period of 28 
years, in which all the varieties of the Dominical letters will have hap- 
pened, and they will return in the ſame order as they did 28 years before. 
At the birth of Chriſt g years had paſt in this cycle. 

For the changes, were all the years common ones, would be 7, 

But the interruptions by leap-year being every fourth year; 

Therefore the changes will be 4 times 7, or 28 years. 

This return of the Dominical letters is conſtant in the Julian ace 
count, But in the Gregorian, where among the complete centuries, or 
hundredth years, only every fourth is-leap-year, the other three hun- 
dredth years, which according to the Jalan would be leap-years, are 
by the Gregorian only common years of 365 days: in theſe all the letters 
muſt be removed one place forwards in a direct order; and either year, 
inſtead of having two Dominical letters (as ſuppoſe D, C), will have 
only one (as D), the Dominical letters moving retrograde. 22 

121. The Lunar CycLe, or cycle of the Moon (and ſometimes 
called the tonic Cycle, from Meton, an Athenian, who invented it about 
432 years before the time of Chri/t), is a period of nineteen years, con- 
taining all the variations of the days on which the new and full Moons - 
happen; after which they fall on the ſame days they did 19 years be- 


for 8. Cc A The 


| 
| 
| 
| 
| 
| 
| 
| 
| 
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The PRIME, or GoL DEN NUMBER, is the number of years elapſed 
in this cyele. | | n | I 4: 
At the birth of Ori, the e number was 2. 


For many years after the Nicene Council, it was thought that 19 ſolar 
years, or 228 folat months, were exactly equal to 2 5 ſynodical, or lunar, 
raonths : and that the ſame yearly golden number et in their calendarg 
againſt the days when the new Moons happened throughout one lunar 
cycle, would inyariably ſerve for the new Moons of correſponding years 
throughout every ſucceſſive lunar cycle. But later obſervations ſhew, 
that this cycle is leſs than 19 years by a little more than one hour, 
twenty-eight minutes; therefore, the new Moons will, in a little leſs 
than 211 years, happen a day earlier than by the Metonic account 
and conſequently all the feſtivals depending on the new Moons, will 
in time be removed into other ſeaſons of the year than thoſe which they 
fell in at their firſt inſtitution ; thus the new Moons in the year 1750 
happened aboye 44 days earlier than the times ſhewn by the calendar. But 
were the golden numbers, when once prefixed to the proper new Moon 
days in a Metonic period, to be ſet a day earlier at the end of every 310,7 
years, a pretty regular correſpondence might be preſerved between the 
folar and lunar years, | | 2 
122. The EpAcr of any year is the Moon's age at the beginning of 
that year: that is, the days paſt ſince the laſt new Moon. + is 
The time between new Moon and new Moon 1s in the neareſt round 
numbers 29 days; therefore the lunar year conſiſting of 12 lunations 
muſt be equal to 354 days, which is 11 days leſs than the ſolar year of 
365 days. Now ſuppoſing the ſolar and lunar years to begin together, 
the epact is o; the beginning of the next ſolar year, the epact is 113 
the 3d year the epact is 22; the fourth 33, &c. But when the epact 
exceeds 30, an intercalary month of 30 days is added to the lunar year, 
making it conſiſt of 13 months; ſo that the epact at the beginning of the 
ath year is only 2, the zth 14, the 6th 25, the 7th 36, or only 6, on 
account of the intercalary month; and ſo on to the end of the cycle of 
10 years; at the expiration of which the fame epacts would run over 
again, were the cycle perfect; and the epact would always be 11 times 
the price. e Af Oe STIW 2 
123. By the Nicene Council it was enacted, | 

1ſt. That Eaſter-day ſhould be celebrated after the vernal equinox, 
which at that time happened on the 21ſt of March. | 3 
2d. That it ſhould be kept after the full, or 14th day, of that Moon 
which happened firſt after the 21ſt of March in common years, and firſt 
alter the 20th of March in leap- years. 
Za. That the Sunday next following the 1th, or day of full Moon, 
ſhould be Eaſter - Sunday: which muſt always fall between the 20th or 
JJ P „ — R ˙—üU non 
124. The Moon's S6UTRING at any place is the me when ſhe 
comes to the meridian of that” place, which is every day later by about, 
+ of an hour; becauſe 24, the hours in a day, being divided b 30, 


the number of times which ſhe paſſes the meridian between new Moon 
And new Moon, will give 448” for the retardation of her paſſage over 
E. e +» $6 . 


che meridian in one day. 
„ $237 bs © viiewss 5+ 6 4 
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The Sun and Moon come to the meridian at the ſame time on the 
day of the change or at new-Moon; alſo the Moon comes to the oppo- 
fre part of the ſame meridian; when ſhe is in oppoſition, or at full Moon. 

ence between new and full ſhe comes to the meridian in the afternoon; 
at full ſhe comes to the meridian at midnight, and when paſt the full, 
after midnight, or in the morning. "OP 

125. — 1 is a _=_ of 15 years, uſed by the 
ancient Rqmans for the times of taxing the provinces. Three 
this cycle — elapſed at the birth of Chriſt, F | _ * 

The DioxvsiAN PER1oD is a cycle of 5 32 years, ariſing by multi- 
plying together 28 and 19, the ſolar and lunar cycles; it was contrived 
by Dionyſius Exiguut, a Roman abbot, about the year of Chriſt 527, as 
a period for comparing chronological events. 

The JuL1Aan PERIOD contains 7980 years; it ariſes by multiplying 
together 28, 19, 15, the cycles of the Sun, Moon, and Indiction. This 
was alſo contrived as àa period for chronological matters; and its begin- 
ning is put 710 years before the uſual date of the creation. 

On the principles laid down in the preceding articles depend the ſolu- 
tion of the following problems. | 5 


126. PROBLEM I. To find whether any given year is lap-ear. 
* RuLE. Divide the given year by 4, if o remains, it is leap-year ; if 
1, 2, or 3 remains, it is ſo many years after. 
Obſerving that the years 1800, 1900, 2100, &c. are common years. 


Exam. I. 7s 1780 leap-year ? Exam. II. Is 1783 leap-year ? 
4017800445 J 47830445 


| o Remains 3 years paſt leap- year. 
Remains o, ſo it is leap-year.. 
127. PROBLEM II. To find the yearsof the ſolar, lunar, and indiftion cyclee. 
RuLe. To the given years add 9 for the ſolar, 1 for the lunar, 3 for 
the indiction: Divide the ſums in order by 28, 19, 15 ; the remainder 
in each ſhews the year of its reſpective cycle. W 


Ex au. Required the years of the ſolar, lunar, and indiction eyckes for 
the year 1783? | 


1783 1783 1783 
yy I We 3 
28)1792(64 19)1784(93 1507860119 


Remains 0=ſolar cycle. 5 17=lunar eye. or golden No. 1=indiR. cycle. 

Whereby it appears \ 28th year of the 64th ſolar cycle fince the 

that the year 1783 17th year of the 94th lunar cycle birth of 
| *  **," og year ole LAID POS; HIS 


7 


is the 


328, Pro. 
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128. ProBLEW III. To find the Dominical letter till the year 1800, 
Roxx. To the given year add its fourth part, divide the ſum by 7, 


the remainder taken from 7 leaves the index of the 
common years, reckoning A 1, B'2, c 3, &c. 


Book Vf 


letter in 


But in leap- year, this letter and its preceding one (in the eds 
order which theſe letters take), are the Dominical letters. ard 


Exam. I. For the year 1783. Exam. II. For the year 1784. 
4) 1783 x | © 401784 DIY 
445 416 
eee Ae 
7922280318 7):2230(318 
R "Thi * 125 
emains 2. en 7— 2g r =. Remains 4. Then 7 -A; c. 
So E is the Dominical letter. 5458 


So Dc are the Dominical letters. 


And in this manner were the following numbers computed, 
For the Dominical letters during the 18th eentury, 


Solar cycles 1 2 3 4 
Dom. letters Dc B A 6G 


8. 3. 


9 10 11 12 13 14 


FE D.C Bl.4G F, 2 en A 


Solar cycles 15 16 17 18 | 19 20 21 22 | 23 24 25 26 27 28 


Dom. letters G F ED © 


n 


S EIS T7. x 


The year. 1800 being a common year ſtops the above order, and the 
ſollowing are the Dominical letters for the 19th century. 


Sol: cycles I 2 3 14 5:6 
Dom. letters ED c B A GF E 


7 a9 86 11:1314' rs. 
Do c BA G r t DC B 


Solar cycles 15 16 17 18 19 20 21 22 23 24 25 26 27 28 
Dom. letters A G FE D S B AG F B D CB A G F 


— 


129. PROBLEM IV. To find the Epact till the year 1900. 
Wt” Multiply the golden number for the given year by 11, and 
divide the product by 30; from the remainder take 11, and it 


will leave the epact. 


If the remainder is leſs than 11, add 19 to it, and it gives the epact. 


Ex. I. To find the epa#t for 1783. 
The Golden number is 17, (127) 


Multiply by iS 
30)187(6 
180 
Remains 7 
Add 19 
Conſequently the Epact is 26 


Ex. II. To ind the epact for 1786. 
The Gade 9 44 Cx 


Multiply by 11 
11 
Subtract 11 


Remains the Epact oo 


| 


And thus might the following numbers be found. 
Gold No 1 2 3 4 5 6 7 8 9 10 11 121314151617 18 19. 


Epacts 29 11 22 3 14 25 617 28 


9 20 1 12 23 4 15 26 7 18. 


Tune epacts here pgoceed by the difference 11, rejecting thirties. 
: ; - 130. Pro» 
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130. | 
RoLe, To the epact add the number and day of the month; theie 


ſum, if under 30, is the 
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ProBLEM V. To find the Moon's age. 


37'Þ 


Moon's age. 


But if the above 3o, the exceſs in months of 31 days, or the exceſs above 
29, in a month of 30 days, ſhews the age, or days fincethe laſt conjunc- 


tion. 


The numbers of the months, or monthly epacts, are the Moon's age 
at the beginning of each month when the ſolar and lunar years begin 


together. 


4 
Andare i 140 Jan . Feb. Mar. Apr. N 


Ex AM. I. What is the Moon's age 
on the 14th of October, 2 35 


|] Then o+r 29 zo 


6 9 10 
Aug. Se OENGE. Dec. 


Exam. II. What is the Moon's age 
on the 29th of March, 178 0? 
The epact is o. ' (rag) 
isthe ſam of the 
epact, number and day of the month. 
And 30—39=0 is the Moon's age, 
as the month has 31 days in it. 


N 


131. The day of next new Moon is readily ſound by taking ber age 


The epact is (129) 
The Ne of month * 
The day of the munth 14 

1 — 4 
The ſum is 48 3 
Subtrat 30 
Remains 18 the )'s age. 
from 30. 

The day 


of new Moon in any month is equal to the difference be- 


tween the ſum of the year's and month's epaCts, and 29 or 30; ac- 
cording as the month has 3o or 31 days. 'Thus: | 


On March 29, Moon is o days old. 


So new Moon on the 29th. 


Now oi gt, is the ſum of the epacts. 


Then 30—1=29, the day of new 


x32. Pa The day 


oon, as it ſhould be. 


of the month in any year being given, to know 


on what week-day it will fall. 


RuLE. Find the Dominical letter (128) : alſo the week day on which 
the firſt of the propoſed month falls (118); and hence the 


name of the 


ſerving that the 1ſt, 8th, 


month fall on the Game we 


Ex, I. On what day of the week does | 
the 14th of Of. fall, in 1783? 
The Dominical letter is E. (128) 
The iſt of October is 4. (118) 


Therefore Odober 5th is Sunday, 
Conſequently 14th is Tueſday. 


E day of the month will be known; ob- 
e 


rat, 22d, and 29th days of any 
e 
Ex. II. In 1 


days. 
* does the 201 h 
The Dominical letter is c. (128) 
The iſt of March is v (118) 
Then March 7th is Sunday. 
And fo March 20th is Saturday. 


84, on what week- 
of March fall ? 


133. PRo- 
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133. PROBLEM. VII. To find when Eaſter-day will fall in any year between 
3 WA I 
 RuLE. Find what day the firſt new Moon falls on after the 21ſt of 
| March in common years, or the 20th in leap years; then 
the Sunday next aſter the full, or 15th day of that new Moon, 
will be Eaſter day. | 
If the 15th day fall on a Sunday, the next Sunday is Eaſter-day, 

Ex. I. When does Eaſter- day fall! Ex. II. Required the time of Eaſter- 
in the year 17832? day in the year 1784 | 
The Dominical letter is E. (128) The Daminical letter is c. (1:8) 
March 21, Moon's age is 18. (130) March 20, Moon's age 28. (130) 
New Moon on March zo. New Moon on March 22. 


The 15th day is April 14. Full Moon on April 6. 
April the 1ſt is , on Tueſday. ** iſt is 6, on Thurſday. 
Then Eaſter-Sunday is April 20th, Then Eaſter-Sunday is April 11th, 


134. Eaſter-day is always found by the Paſchal full Moons, and theſe 
are readily found in the following curious table, which was commu- 
nicated to the Royal Society in the year 1750, by the Earl of Maccles- 
field, and publiſhed in the Philoſophical Tranſactions for the ſame year 
and its uſe ſhewn in the following precepts. f 

e To find the day, on which the Paſchal limit, or full Moon, falls 
in any given year; look, in the column of golden numbers belong- 
ing to that period of time wherein the given year is contained, for 
the golden number of that year; over-againſt which, in the ſame 
line continued to the column intitled Paſchal full Moons, you will 
find the day of the month, on which the Paſchal limit, or full Moon, 
happens in that year. And the Sunday next after that day is Eaſtec» 
* day in that year, agcording to the Gregorian account.“ 


« A TaBLE, ſhewing by means of the golden numbers the ſeveral 
* days on which the Paſchal limits, or full Moons, according to the 
« Gregorian account, have already Ce 


d, or will hereafter hap- 
pen; from the Reformation of the Calegdar in the year 1582, to the 
6 year 4199, incluſive.“ 3 f 


Golden 
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| . 
Golden numbers from the year 15883 to 1699, and ſo on to 4199, all inclufibe. : 1 l 5 . 

v ur cons. 

1583] 17co|t go<[220eſz 300[245« |: 520]: Gooſzgooſ3 10093400] 3500/3600] 3 500[3800)g7h Days of tne 
toto] to] two] to | tof tof co f to to % 4 to to to | to | to | month and 
1699|180912 199/229912299124<%v]2 «99}2899[ 309613 39913499[3 599]3699[379944099/4199/Sun, letters 
3| 14] — 891171 617] —| 9 * 411211 8414 March 210 
— 13141 — J 6 4 121 =11,91=—=] 1211121 220 
11 [LISA rene 23 E 
— uffn zee x}; 24t 
Er Fo” a6 
8 19 il off fo tp gr gr SER CI TIT 2 26A 
— 19 —=jnj-jnt-| 3141261 6 27 B 
161 8 191 — 3 — | 11 — 3 14 — 14 ' — ö 4 17 = C 
5 1 16— 1 8 19 19 — [34346 29 D 
— LLL Ein LIIEEAE 10 
13 — 51 16—16— 81 © [11 | —| 11 | — 144 1 F 
213— [526 516 — I wWw|-—|in][-| ir 2 3 [April > 
— [|=] 5[—] 5621 381] 19f — 19 — [fir 2 A 
10—f[2113— 3 — ] 516— [89 8 — nf 3B 
12842 2 | 13 $1 113 LL 16 | — - V1 —{ 3 19| — 4 C 
8] - 0 —[2— [213-1 5% — 16 — [ 8/1 VV 
71181 — 10 — 10 —| 2 13 — 566665 6 3 3 E 
— 718 — 0282023 — 56s 7 F 
15 — 781 — 8-0 21213 —ji1[-—-| 5 | 26 $G 
WL. £ honed >, 181 7 18 Irren 9 A 
3 41151481 71— B Bk hed Wha «a j.-.2 4 21314 — 10 Bf 
nner 4 8] -jw|—[wſ—| 2|1| 11 04 
11 12— [4154 | 15 — 78 =o — 102 12 D 

| — 11122 41 41151 — | 7 18 [ — | 18. | — ip. | ==e;0:"; 13 E 
SS LEES LD Lal 4l=L21htLLS7 hel, 4 F 
—| g[—-| xj=|rjnj-|gi5[—-]| 7j-| 218 | 15 G 
wI—-[o[-|riſ=|xrjnſ=-[ a=] = [18] wa 
ejwjn] Sl = 9j]—=j} tjimjanj eli] ef rg] ag] 7 17 B 
114 61] 6117 9 117194 9 I 1] 12 $1.97 47 © Is 18 C 


His Lordſhip alſo gave with the above table an account of the princi- 
ples upon which he conſtructed it; which the. more inquilitive readers 
may conſult, if they pleaſe. * | 


day. 


135, PROBLEM vil. To 1 the time of ihe Moon's ſouthing on e 


Rork. The Moon's age in days multiplied by 0,8, gives the' time 
ol her ſouthing, nearly, in hours and tenth parts. 
That time, if leſs than 12 hours, is the time after mid-day. 
But if greater, the exceſs is the time after laſt midnight. 


Ex. I. At what time does the Moon 
come to the meridian of London, on the 


14th of October, 1783? 
The Moon's age 1s 
Which multiplied by o_ 


18 days. 


Moon So, 14h . 
Subtract 


Rem. 
Fach tenth part of an hour being 6 minutes, any number of ſuch tenth 
Parts multiplied by 6, produces minutes, 


12 00 


2 24 in the morning. 


10 24 in the morning. 


12 00 


28 28 (130) | 


* 


Ex. II. Required the time of the 
Moon's n on the 20th of March, 
1 784 ? 71 
The Moon's ae 
| Which multiplied by lad 


Moon 89. 22h 24D=22/4. 
| Subtra& 


Rem. 


136. Pro- 
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136. PROBLEM IX. To find the time of high. water at any place. 


RuLE. To the time of the Moon's ſouthing add the time the Moon 
has paſſed the meridian on the full and change days to make 
| high-water at that place; the ſum ſhews the time of high- 
water on the given day. 
The time of high water, on the full and change days, is found in the 
8 column of the geographical table, art 137, againſt the name 
of the place. 3 | | 


Ex. I. On the 14th of October, | Ex. II. Required the time when it 
1783, at what time will it be high- | will be high-water at Uſhant on March 
water at Landon? 20th, 1784. | 
Moon ſouths at zh. 24m. morn. (135) | Moon ſouths at ich. 24m. (135) 
H. W. at Lond. 3 © on ſyzygies. High-wateratUſhantz 45 P. M. 


q 14 09 
| — 5 Subtrac̃t 12 oo 

H. W. at gh. 24m. morning on| _ | 

the day propoſed. High-water at 2 og P. M. on 
5 the day propoſed. | 1 


The v. vir. 1x. problems preceding, have ſolutions, ſuch as are 
common in books of pilotage, and which in ſome caſes will produce 
concluſions conſiderably wide of the truth; it has therefore been judged 


neceſſary to conſider theſe articles in a more accurate manner, in Book 
IX. of Days works. | | 


SECTION IL 


137. A Geographical Table. 


| Containing the latitudes and longitudes of the chief towns, iflands, 
bays, capes, and other parts of the ſea-coaſts in the known world, 
collected from the moſt authentic obſervations and charts extant ; with 
the times of high-water on the days of the new and ſull Moon. 

The longitudes are reckoned from the meridian of London. By the 
latitude and longitude of an iſland, or harbour, is meant the middle of 
that place. 


Nate. B. ſtands for bay; C. for cape; R. for river; Po. for port; 
Pt. for point; I. for Iſle: St. for ſaint; G. for gulf; M. for 
mount; Eu, for Europe; Am. for America; Atl. tor the Atlan- 
tic; Ind. for Indian; Med. Sea for Mediterranean Sea; Wh. 
Sea for White Sea; Archip. for Archipelago ; Nov. Sco. for 
Nova Scotia; Phil. I. for Philippine Iſles: Adriat. for Adria- 
tic; Eng. for England; D. Neth. for the Dutch Netherlands: 
Beſides other contractions which will be eaſily underſtood. 


| n 5 sgl WP. 


Book VI. 


GEOGRAPHY: 


Names of Plices. |Coat. 


18 


Counties Caaſt. .Latutyde, | Loneituce, H.-W. 
A ; de ' b Banc: 24 4d a 
I. Abacco, N. point] | 27 12 N.] 77 oi W. 8 
or Lucayos LS. point Am. Bahama I. Alt- Ocean 126 15 N. 14 oz W. 
Abbreyrak Eu. France Eng. Channel| 48 32 N. 4 15 W. 4b. 301 
t. Abbſhead Eu, Scotland Germ. Ocean] 55.55 N.] 1 56 W. 
I. Abdeleur Africa Anian Indian Sea | ir 55 N.] 51 45 E| 
Aberdeen Eu. Scotland erm, Ocean] 57 06 N.] ol A4 W. o 45 
Abo Eu, Fialaad Baltic Sea 60 27 N.] 22 15 E | 
Abrolhos bank Am. |Brafil — Al. Ocean | 18 22 S| 38 45 W. 
Abrollo Bank N. part Am. [Bahama © ſAtl. Occan 21 33 N.] 69 50 W 
Achen Aſia. I. Sumatra Indian Ocean 5 15 N.] 95 55 E. 
Aden Aſia. Arabia Indian Sea 12 55 N.] 45 35 E 
I. Admiralties Eu. Nova Zem. North Ocean | 75 05 N.] 52 50 
Adventure Iſland [Ass Soe. Ifles Paeif. Ocean | 17 6 S.] 144 18 W.“ 
I. Agalega, or Gallega Africa Madagaſcar Indian Ocean] 10 15 8. 46 E 
» St. Agnes Am. Patagonia |S. Atl. Ocean] 53 55 S.] 66 29 W 
Agra Aſia, Indi. ogul's 26 43 N.] 7» 49 E. 
I, St. Aguſta Eu, Dalmatia [Adriatic Sea | 42 40 N| 18 57 E. 
C. Ajuga Am. Peru Pacif, Ocean 6 38 S.] 80 50 W 
B. Alagoa Africa Caffers Indian Ocean] 25 30 S.] 33 33 E. 
If, Aland Eu, Sweden Baltic Sea 60 20 N.] 21 30 
R. Albany Am. Ness. Wales Hud. Bay $2 35 N.] 85 18 W 
I. Alboran Africa Algiers |Medit. Sea 36 oo N.] 2 27 W. 
Aldborough Eu, England [Germ. Ocean] 52 20 N.] 1 25 E.] 9 45 
I. Alderney Eu, England Erg. Channel| 49 48 N.] 2 11 W. 12 co | 
Aleppo Aſia Syria Medit. Sea 35 45 N- 37 25 k. 
Alexandre tta Asa Syria Medit, Sea | 36 35 N.] 36 20 E 
Alexandria Afries Eypt Medit. Sea 3111 N.] 3017 EI“ 
I. Algeranca Africa Canaries Atl Ocean 29 23 N.] 15 53 W 
Algiers Afticaſ Algiers viedit, Sea 36 49 N 2 18 E 
Alicant Eu. Spain Medit. Sea 38 34 N. o oo W 
I. Alicur Lipari If, Eu. Italy Medit. Sea 38 31 N.] 14 37 E 
Alkofir Africaj|Egypt ed Sea 26 20 N.] 34 41 E. 
— ms vt Am. \Brafil tl. Ocean 13 os S.] 38 45 W 
— Eu. Spain Medit. Sea 36 51 : 3 2 
It. Almirante, ( . 45 52 30 
limits \ Africa|Zanguebar Indian Sea 4 30 S.] 55 40 E. 
St. Alphonſo's If, Am. T. del Fuego |Pacif. Ocean | 55 51 S.] 69 28 W. T 
Altur Aſia Arabia Red Sea 28 20 34 19 R.. 6 
Amazo , 4 
A ne, 5 Am. Terra Firma Atl. Ocean o 30 8 { * — W. 
I. Amboyna Afia |Molucca I, Indian Ocean 25 N.] 127 25 E. 
Ambrym Aſia N. Hebrides|Pacif. Ocean | 16 10 S.] 168 12 E. 
If. Ambroſa Am. Chili acif, Ocean | 26 40 S.] 82 zo W. 
I. Ameyland Eu. D. Neth. erm. Ocean| 53 30 N 6 20 E. 7 30 
I, Amoy Aſia China Pacif, Ocean | 24 30 N.] 118 45 E 
Amſterdam Eu. D. Neth. [Germ. Ocean] 52 23 N.] 04 52 E. 3 0 
I, Amſterdam Afia |Madagaſcar |Ind'an Ocean] 37 55 S-| 75 15 E 
8 — 6b 5 Afia Friendly If, Pacif. Ocean] 21 o5 8174 55 W. 8 30 
. Anabona Africa Eth. Coalt Atl. Ocean 2 36 8 5s 35 E. 
* Eu. tLaly Mediterran. 43 38 — 13 31 : 
It. Anda 2 14 02 93 05 
I. Andaro Aſia |India Indian Ocean] 10 C N. 73 40 E 
gym Mexico At. Ocean | 12 30 N. 8r 35W 
C. St. Andrea Africa Madagaſcer [Indian Ocean] 15 46 §. ] 45 22 E. 
_ St. Andrew's Scotlagd [Germ. Ocean] 56 18 — 2 37 W 2 
N. point | 25 ©0 77 58 W. 
IC.Androſs 5, — - {Bahama I. age Ocean — 30 N.] 77 co W 
If. Angaſay Madagaſcar [Indian Ocean| 17 oo 8 58 40 E. 
C. St. Angelo Turky Archipelago 36 27 N.] 23 38 E. 
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= 
o - * 
Mount St. Angelo Eu. Italy =_ Sea 41 42 N.] 16 16 E. 
R. d*Angra Africa Ethiopia N. Atl. Ocean oz oo N.] 9 35K. 

d Anguilhas Africa Caffers Indian Ocean] 34 50 S.] 20 ob E. 
I. Anguilla Am. Antilles If. Atl. Ocean 18 15 N.] 62 57 W. 
C. Anguille Am, |Newfoundl. |At}, Ocean 47 55 N.] 59 11 W, 
I. Anholt Eu. |Denmark Sound 56 40 N.] 12 oo E. ch. oom. 
C. Anne [Am. [Nes Eng. Weſt. Ocean] 42 50 N.] 70 27 W. 
E. Queen Anne Am. |Greenland North Ocean] 64 15 N.] 50 zo W. 
Q. Anne's Foreland [Am. N. Main [Hudſon's Str.] 64 os N.] 74 36 W. 
Annamocka, of ada {Friendly II. paeif. Ocean | 20 16 8. 174 30 W. 
Annapolis Royal Am. Nova Scotia B. Fundy 44 52 N.] 64 oOo W. 
I. Antego Am, |Caribbe Iſles Alt Ocean 16 57 N.] 61 56 W. 
Antibes | Eu. France Medit. Sea 43 35 N. 6 og 5 
i, Ante- W. point B. St. Lau] 49 52 N 4 04 

coſt | FE. dope Am. |Canzda rence - - N.] 61 42 W. 

Antiochetta Aſia Syria [Medit. Sea 36 08 N.] 36 17 E. 
C. d' Antiſer Eu. France Eng. Channel] 49 47 N.] o 34 E. 
C. Antonio Am. Ile Cuba Atl. Ocean 21 45 N.] 84 os W. 

I. St. Antonio Africa|Cape Verd |Atl. Ocean 17 o N.] 25 o W. 

St. Antony Am. Magellan Alt. Ocean 36 45 S.] 53 42 W 
Antwerp Eu. Flanders R. Scheld 51 13 N.] 4 24 E. 6 oo 
B. Apalaxy Am. Florida G. Mexico 30 o N.] 83 53 W 
I. Apalioria Afia India Indian Ocean] 9 08 S.] 79 40 E- 
Aquapulco Am. Mexico Pacif. Ocean | 17 10 N.] 101 40 W. 
Aquatulco Pacif. Ocean | 15 27 N.] 96 03 W 
Archangel White Sea 64 34 N.] 38 30 E.] 6 oo 
I. d' Areas G. Mexico 20 45 N.] 92 35 W. 

Arica Pacif. Ocean | 10 27 S.] 71 05 W 

I. Arran St. Geo. Ch. | 54 48 N.] 8 59 W. 11 © 
I. Aſcenſion At]. Ocean 7 59 S.] 14 28 W 

2 Medit. Sea | 41 06 N.] 8 36 E 

R. Aſhley Atl. Ocean 33 22 N.] 79 5oW.| o 45 
R. Aſſene Atl. Ocean 5 30 N.] 2 20 W.] 
I. Aſtores Indian Ocean] 10 22 S.| 53 25 E. 
Athens Archipelago | 37 40 N.] 23 52 E 
Atkin's Key Atl. Ocean 22 07 N.] 74 26 W 
Atwood's Keys Atl. Ocean 21 22 N.] 72 40 W 

C. Ava Pacif Ocean] 34 45 N.] 141 oo E. 

If. Aves, Sotovent Terra Firmaſ Atl. Ocean 15 26 N.] 66 15 W 

C. St. Auguſtine . Atl. Ocean 8 48 S$| 35 co W. 

C. St. Auguſtine [Afia Mindanao [Pacif. Ocean 6 40 N.] 226 25 E. 

t. Auguſtine Am. Florida Atl. Ocean 30 10 N- 81 29 W. 7 30 
Aurora Afia N. Hebrides [Pacif, Ocean 15 8 S.] 168 17 E. 
Aydhab Africa Eęypt ed Sea 21 53 N.] 36 26 E. 

Aylah. Aſia Arabia Red Sea 29 08 N.] 35 4t E. 
Babel mondel Straits Africa. A byſſinia Red Sea 12 50 N.] 43 50 E. 
C. B. ba Aſia Natolia Archipelago 39 33 N.] 26 22 E 
I. Bachian Afia |Moluccalſles|Pacif, Oceaa | oo 40 N.] 123 oo E. 
I, Bahama Am. Bahama Iſſes|Atl. Ocean 26 45 N. 78 35 W. 
Bahama Bank, N. pt. Am. Bahama Iſles] Atl. Ocean 27 50 N.] 78 43 W 
C. Bajador Africa Negroland Atl, Ocean, 26 29 N.] 14 36 W. © co 
Baker's Dozen Am. Labrador [Hudſon's Bay] 57 ON. 
Balaſor Aſia India B. Bengal 21 20 N.|. 86 oo E. 
Baldivia Am. Chili Pacif. Ocean] 39 38 S.] 73 20 W. 
I. Bali Aſia Sunda Iſles Indian Ocean| 8 C5 S.] 114 30 E 
s Eu. Ireland Weſt Ocean | 51 16 N.] 9 26 W. 4 30 
I. Banca 2 Afia [Sunda Iſles [Indian Oceau ſ 3 15 S.] 107 10 E. 

N. W. end 1 50 S.] 105 30 E. 
I. Banda Afia Moluccalſles ladian Ocean 4 30 N.] 127 25 E. 

6 5 Banjar 
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Banjar Afia ndian Ocean 
Banks's Ile Afia N. Zealand |Pacif, Ocean 
Bantam Afia 1 Indian Ocean 
4: — Eu. Atl. Ocean 
„Bar des 

Bridge town 1 4. fl. Oran 
C. Barbas Africa Sanaga N. Atl. Ocean 

H. Barbuda Am. |Caribbe Ifles}Atl. Ocean 
C. Barcam Eu, North Ocean 
Barcelona Ku. Medit. Sea 

C. Barfleur Eu. Eng. Channel 
Bargazar Point Eu, North Ocean | 
[. Bardſey Eu. t. Geo. Cha. 

. Barſo Eu. White Sea 
I. Bartholemew Am. Atl, Ocean 
I. de Bas u. Eng, Channel 
Baſſora Afia Perfian Gulf 

. Bafſos, or Baxos [Africa]Anian Indian S-a 
Baſſos de Baahos [Africa Indian Ocean 
Baſſos de Chagos {[Afia i Indian Ocean 
I. Baſſus des Indes Africa.Tangue bar Indian Ocean 
Batavia Aſia I. Java Indian Ocean 
Bayonne Eu. B. Biſcay 
Bayona Iſley Eu. Atl. Ocean 
Beachy Head Eu. ng. Channel| 
Bear-bay Eu, orth Ocean 
ts — Am. Hudſon's Bay 
I. Beeren berg u. North Ocean 
Belcher's Iſles Am Hudſon's Bay 
Belfaſt Eu. lriſh Sea 
Belliſle Eu. B. Biſcay 
Belliſle Am. Atl. Ocean 
Bembridge Point Eu. Eng. Channel] 
Straits of Bellille Am . [Atl. Ocean 
Bell Sound Eu. North Ocean 
Bencola Aſia Indian Ocean 
Bengal Afia B. Bengal 
Bergen Eu. Weſtern Oc. 
Berlin Eu. R. Elbe 
I. Bermudas Am: [Bahama IſlesAtl. Ocean 
I. Bermaja Am. Mexico G. Mexico 
Berwick Eu. England Ge m. Ocean 

Berry Point Eu. England Eng. Channel 
[Birds Iſland Am, Acadia G. St. Lawr. 
Bilbo Eu. Spain B. Biſcay 

. du Bic Am. Acadia R. St. Lawr. 
Black ney . [England erm. Ocean 
{Black Point Greenland North Ocean 
[Black Ile Nova Zem. [North Ocean| 
e. Blanco Africi]/Negroland Atl. Ocean 

. Blanco Patagonia Atl, Ocean 
C. Blanco re-nland Noth Ocean 
= Blanco Mexico Paci. Ocean 
Blanco, Sotovento Terra Firma Atl. Ocean 
Blanchart Race rance Eng. Channel 
Blaſques tretand Arl. Ocean 
Blavet, or Port Louis France B. Biſcay 
Bocachica erra Firma|Carrib, Sea 
Bolabola Society If, |Pacif. Ocean 

R. Bolſhaya Sibetia Pacif. Ocean 
482 India ' Hodian Ocean 


I. Bombay | 
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Latitude. Longitude. 
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H. Water. 


0 - 
113 50 E. 
172 40 E. 
106 25 E. 

10 46 W. 


59 50 W. 


3 


* 


7h. zom. 


45 


30 


45 


3 
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; | | Q / 0.548 

Bora Africa. Tun's Mediterran. % o8 N.] 7 10 E. 

2, Bona Afzica\Tunis Mediterran. 37 10 N. 10 o E 

Bona viſta am. Nes foundl. Atl. Ocean 48 54 N.] 52 33 W. 

I. Bon- viſta Africa C. Verd Iles| At}. Ocean 16 05 N. 22 40 W 

C. Bona fortuna Eu. Ruſſia White Sea 65 35 N.] 38 25 E 

{. B nayre, Sbrovento[ Am. Terra Firma Atl. Ocean Ir 52 N. 67 20 W. 
. Bonaventura Am. Terra Firma Pscif. Ocean 3 18 N.] 76 F5o W. 

C. Bo“ Eſperance. Africa Caffers Indian Occan 24 29 S.] 18 23 E.] zh. oom. 
Cape Town Africa;Catters Atl, Ocean 33 $5 S. 18 23 E.| 2 30 
rag Eu. France B. Biſcax { 44 50 N.] © 28 W. 3 oo 

2 C Ef print | I 12 4 117 10 = 

= J Weſt point | : 3 25 N.], 108 57 E. 

— 12 — Ate fladian Ocean 7 og; N.] 113 40 E. 

s South point 3 32 5, 112 05 E. 

I. Bor i Borneo + AGa | Res Ocean $ 5 oo N. 112 15 E. 

neo Succadano o 30 $:| 208 35 E. 

I. Bornholm Eu. Sweden Baltic Sea | $55 12 N 15 50 E. 

Boſton Eu. England Germ. Ocean 53 10 NM] © 25 E. 

BHſton Am. New Eng. [Ad. Ocean 42 25 N.] 70 37 W. 

Botany Iſle Aſia N. Caledonia[Pacif. Ocean | 22 27 8 167 17 E. 

Botany Bay- Aſia N. Holland [Pacif, Ocean | 34 co S| 151 28 E. 

Boulogne IE VU. France Eng. channel] 50 44 N.] 1 40 E. io 30 

I. Bourbon, St. Den. Africa Madagaſcar Indian Ocean] 20 53 S.] 55 35 E 

. St. Brandon Africa|Madzgaſcar [Indian Ocean] 16 45 S.| 64 48 E. 

B. Brandwyns tu. [Greenland [North Ocean] 79 50 N.] 26 20 E. 

I. Bravas Aftica C. Verd - }Atl. Ocean 14 54 N.] 24 45 W. 

Bremen Eu, Germany [R. Weſer 53 30 N.] 9 oo E.| 6 oo 
Breeſound, a ſand Eu. D. Neth. Germ. Ocean 53 12 N.] 5 15 E.] 4. 30 
Breſlau Eu. |Silefia R. Oder 51 03 N.| 17 13 E. 

R. eſt Eu. France 8. Biſcay 48 23 N.] 4 30 W.] 3 45 
B. Breſt Am. [New Britin Weſt Ocean 2 10 N.] 52 30 W. 

Cepe Bret Aſia N. Zealand Pacif, Otean] 35 07 S.] 171 52 E. 

Bridge Town Am. II. BarbadoesſAtl. Ocean 13.00 N.] 59 50 W. 
Rridtington Bay Eu, [England Germ, Ocean] 54 07 N.] oo 04 E.},% 45: | 
Bri!l Eu. D. Neth. [Germ. Ocean 51 56 N.] 4 10 E. 1 30 
Brion Iſle Am, | Acadia G. St. Lawr, | 47 50 N.] 60 47 W. | 
Briſtol Ev, England Ist. Geo. Ch.] 51 28 N.] 2 30 W. 6 45 
C. Priſtol Am, Sandwich L. Atl. Ocean 59 2 S.} 26 51 W, | 
2,2 f Louiſbobrght | | 45 54 N.] 59: 55 W 

3.2 fr Scateri [Am. {Acadia tl. Ocean 140 o1 NI 6r 57 W. 

— & North Cape | 47 os N.] 60 SW. 

[I. Mathies ; | 2 co S.| 147 0 E. 

3 2 5 point | [ 2 30 S.] 148 40 E. 

io point ; __ , . 6 O0 8 146 27 E.L 

7 Strate Dampier Aſia New Guinea Pacif. Ocean "FF" He — E. 

v C. St. George | 5 30 8.150 58 Z. 

A (I. St. John 4 20 S. 1:2 40 E. 

Buchaneſs Eu. Scotland Germ. Ocean} 57 29 N.| 123 W. 3 oo 
Buenos Ayres Am. |Prafil Atl, Ocean 34 35 S.]. 58 oo W. 

C. Buller Am. |S. Georgia |Atl, Ocean 63 58 S.] 37 40 W. 

Burgaford point Eu. {Iceland Notth Ocean] 66 oz N.] 16 34 W. 

Burgeo kſles Am. [New foundl. |} Atl, Ocean 47 36 N. 57 31 W. 

Purlings, rocks Eu. Portugal Atl. Ocean 29 37 N, 9 25 W. 
Burlington Eu. jEngland Germ. Ocean 54 00 N. o O8 E. | 
Button's Iſles _ Am, [New Britain\HJudf. Straits | Go 25 N.] 656 20W | 6 30 
Cage Byron Aſia N. Zealand Pacif. Ocean | 28 39 S.] 153 31 E. 

Byron's 2 Asia Pacif. Ocean 1 18 8. 170 6 W. 

I. Cabrera Eu. Italy Mediterran. 43 10 N.] 9 11 E. 

Cadiz Eu. Spain Atl. Ocean 30 31 N.] 6 oO W. 4 30 
Caen Eu. [France Eng. Channel 40 11 N © 22 W. 9 oo 
Cagliari, I. Sardinia Eu. Italy Megit, Sea 39 25 N.] 9 38 E | 
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1 933 9 „ 1 
3323 Eu. Finland Baltic Sea 64 13 N.] 27 41 E. ( 
es Caicos, or 21 27 N. 74 24 W. 
"Cankroſs, from \_ Am. |Bahama Iſles|Atl, Ocean 122 5 g N. - _ W. | 
alabar{ 9 J Atte uinen Eth. Ocein |S p- — — : = = 
Calaberno Af atolia JArchipelago | 38 42 N.] 20 44 E. 
Calais Fu, {France Eng. Channe!| 50 58 N.] cr gr E. eh. zom. 
C. Cala maden Afia India B. Bengal 10 22 N.] 80 40 E. | 
Caldera Aha II. Mindano [Pacif, Ocemm| 7 co N.] 121 25 E. 
{, Caldy Eu, England St. Geo. Ch.] 51 33 N. 5 14 wy & I 
Calecut Aha India Indian Ocean} 11 15 N.] 95 39 E. | 
airo Africa Egypt R. Nile 30 02 N.] 31 26 E. | 
allao Am. Peru Bacif. Ocean | -12 2 8.] 76 58 W.“ | 
. Great Camanis Am. }Weſft Indies | Atl. Ocean 19 18 N.] 80 29 W. | 
I. Little Camanis Am. [Weſt ladies |At!. Ocean 19 42 N.] 79 20 W. | 
ICamboida Afia IWndia Indian Ocean] 10 2 5 N.] 104 45 E. | 
Cambridge 52 13 N.] © 4 E. 
ambridge — — 42 25 N. 71 10 W. | 
C. Cam . * 
Fn ag oa = Medit, Sea | 37 18 N.] 4 58 E 
c. Cameron àtl. Ocean 15:35 N.] 83 29 W. 
R. Camerones . Atl. Ocean 3 30 N. 10 E 
R. Camercnes = Ati, Ocean 44 50 S.] 67 10 W 
Camfer, a ſand Germ. Ocean] 53 33 N.] 5 30 K. 1 39 | 
ÞCamin Baltic 54 04 N.] 15 40 KE. N 
IC. Campbell Pacif. Ocean | 41 51 8. 174 41 E. 
Compeachy Atl. Ocean 19 46 N.] yo 53 W. 
KI. Canaria Atl. Ocean 23 o1 N.] 15 30 W. 38 
8. Cande noſe North Ocean] 69 25 N.] 45 30 E. | 
4 8 Joha, W. ; | bk 1a N.] 2334 E | 
135 Candia Medit. Sea 35.19 N.] 25 23 E | 
ol # cen e E. thy 57 N.] 27 06 E 
Capdia. Indien Ocean] 7 54 N.] $1 53 E. | 
Candlegmas Illes All. Ocean 57 10 S.] 27 13 W. ö 
i. Candu indian Ocean] 7 30 S.] 77 55 E. 
Canſo Atl. Ocean | .45 18 N.] 60 45 W. 
Canſo Paſſage ia Atl. Ocean 45 30 N.] 61 O W. | 
C. Cantin n Atl. Ocean 32 41 N.] g o1W.|}9 00 
Cantire, Mul Weſt Ocean 55 22 N 5 45 W. 
Canton cf. Ocean] 23 08 N. 114, os E. N 
Cape Town Atl, Ocean 33 55 8 18 23 E. 2 30 
III. Capri Medit. Sea 40 34 N.] 14 it E. 
I. Capraya , ledit. Sea 43 03 N.] 10 15 E. | 
C. Carapar i B. Bengal 19 22 N. 86 og E. | 
ataccas Terra Firma[Atl. Ocean { 10 06 N.] 66 45 W. | 
27 — or Hacluits Groenland Baffing's Bay 77 15 N.] 62 co W. | 
arinda Point Am. [California |Pacif, Ocean | 38 24 N. 124 25 W. 
arliſle JEv. England Iriſh Sea 54 47 N 2 35M. 
IC. Carmel Afia Syria [Levant 33 08 — 35 35 4 
. VT *F, 10 1 2 . = 
aroline iges, limirs 412 — _ Ocean ſ = doo N _ * E. 
, Carthage AfricaſBarbary |Medit. Sea 36 52 N 10 31 k. | 
arthagena Am, Terra Firma Caribbean Sea 10 27 N.] 75 26 W. ö 
arthagene Eu. [Spain Medit. Sea 37 37 N] 1 03 W. 
arteret's Iſle 1Aha New Britain Pciſ. Ocean 26 159 14 E 
ery's Swans Neſt [Am. Hudſon's Bay] Ga 20 N. 83 30 W. j 
FCaſkets Eu. I Guernſey Eng. Channei} .4g 50 N 2 26 W. 8 15 a 
c. Caſſander  JEv. [Turkey  \Archipelago | 40 02 N 23 „% El. | 
I. St. Catherines DANAm. (Grafs Atl. Ocean I 27.44; NI 47 (8 W. 1 
* D 6a 2 Cac 


.. ny n_ 7 A 
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| N. point $5 0 

Cat Iſle 3 8. point m. Bahama Atl. Ocean 
Catdneſs Point I Eu. [Scotland {Weſt Ocean 
Dinnet Head |} Hg 
Catenea Eu. II. Sicily Medit. Sea 

C. Catocha Am, [New Spain Caribbean Sea 
I. Cayenne Am. Terra FirmajAtl, Ocean 
N. E. point 

; 2 W. point 

» JS. W. point Ma-HAßa Spice Iſles Indian Ocean 
3 caſſer 

8. point 
S. E. point Ee 

I. Cephalonia Eu. [Turkey Medit. Sea 
Ceuta Aſrics|Barbary Medit. Sea 
| lafanapatam, N. 

8 part | 

D Trinquemale,S.\,- adia do Don 
— E. end | 

ws C. Gallo, 8. 

Weſt end . 2 

Chain Iſland *' Asia Society Iſles [Pacif, Ocean 
Chandenagar Afia [Bengal River Ganges 
Charles Town Am, [Carolina Aſhley River 
C. Charles Am, Virginia Alt. Ocean 
I. of IM Eſt End Lab Jon 
Charles | Welk Rad |. eee 
C. Charles Am, [Ne Britain|Weſt Ocean 
Charlotte's Iſles Aſia |Guadalcanal |Pacif. Ocean 
C. Charlotte Am. |S. Georgia Atl. Ocean 


. Charlotte's Sound Asia 
Q.Charlotte's Foreld.Aſia 


N. Zealand 


1. Charlton am. [New Wales 

Chatteaux Ba Am. [Labrador 

B. Chebuto Am, 

CheigneQo Am, Nova Scotia 

Cherbourgh Eu, France 

'Cherry Ile Eu, [Greenland 

Cheſter Eu. JEngland 

Chiddock Eu. England 

C. Chidley Am. 

1. Chiloe I N. Point] Am. Patagonia 
S. point 

C. Chiokotſkago Aſa Siberia 

Chriftiana Eu, [Norway 

Chriſtianople Eu, [Sweden 

Chriſtianſtadt Eu. [Sweden 

Chriſtmas Sound Am 

I. St. Chriſtopher's [Am. [Carib Iſles 

R. St. Chriſtopher's Aftica[Caffres 

C. Chulcchenſe Aſia Siberia 

C. Churchill 

R. Churchill Am. [New Wales 

I, Chuſan Aſia Cbina 

Civita Vecchia Eu. Italy 

C. Cleare Eu. Irelend 

Clerk's Iſles Am, |S. Georgia 

I. Cloate Afia India 

Cochin Afia India 

I, Cocos Aſia [India 

I. Cocos Am. |Mexico 

C. Cod Am. Ne Ene. 


Pacif. Ocean 


N. Caledonia|Pacif. Ocean 


Hudſon's Bay 
Atl. Ocean 


Nova ScotiaſAtl., Ocean 


B. Fundy 
Eng. Channel 
North Ocean 
Iriſh Sea 
Eng. Channel 


New Britain{Hudſ, Straits 


Pacif. Ocean 


North Ocean 
Sound 

Baltic Sea 
O. Bothnia 


T. del FuegoſPacif. Ocean 


Atl. Ocean 
Indian Ocean 
North Ocean 


Hudſon's Bay 


Chineſe Sea 
Medit. Sca 
Weſt Ocean 
Atl. Ocean 
Indian Ocean 
Indian Ocean 
Indian Ocean 
Pacif. Ocean 
Atl. Ocean 


_ —— —ͤ— 


Latitude. | Longitude, H. Water : 
o , 9 , 
24 50 N.] 75 38 W. 
E 48 NJ 75 35 W. 
58 42 N.] 3 17 W. gh, com. 
42 40 N.] 20 30 E. 
20 48 NJ 86 35 W. 
4 56 N.] 52 15 W. | 
1 48 N.] 124 37 E. | 
3 00 S.] 117 55 L. | 
5 11 S.] 117 50 E. | 
S.| 119 55 E. | 
"x S.| 121 58 E. | 
38 20 NI 20 11 E. | 
35 49 N 5 28 W. | 
9 47 N.] 80 55 E. | 
8 40 N.] 81 40 E. | 
6 27 N.] 82 10 E. | 
6 15 N.] 80 20 E. | 
17 25 S. 145 zo W. | 
22 ö N. 88 34 E. 
33 22 N.] 79 50 W. 3 © 
37 11 N.] 76 07 W. | 
C62 46IN-| 74 15 W. | 
262 48 N.] 75 30 W. 10 15 
51 50 N.] 51 10 W. | 
11 0 8. 123 2 | 
54 32 S.] 39 12 W. | 
41 6 S.] 174 19 E.] 9 o 
22 15 S.] 167 13 E. | 
52 03 N.] 81 oo W. | 
52 1 N.| 55 5oW. | 
44 45 N.] 63 18 W. | 
46 15 N.] 63 W. o 4; 
49 38 N.] or 33 W] 7 30 
74 35 N.] 18 og. E. | 
53 10 N.] 2 25 W. | 
50 47 N.] 3 co W. | 
60 22 N.] 65 oo W. | 
8. 4 
43 56 8 73 . 
64 00 N.] 174 45 W. 1 
59 25 N.] 10 30 E. | 
55 85 N.] 15 10 E. 
62 47 N.] 22 50 E. 
55 22 S.] 70 O W. 2 30 
17 20 N.] 62 Ff4 W. | 
32 47 S.] 30 co E. | 
66 30 N.] 171 10 W. | 
58 48 N.] 93 17 W. | 
58 473N.} 94 o8 W.] 7 20 | 
30 OO N. 121 50 E. . 
42 "Ba 11 51 E. 
51 18 N.] 9 50 W. 4 30 
55 6 S] 34 42 W. 
22 oo S.] 95 40 E. 
9 50 N.] 76 oz E. 
12 20 S.] 98 10 E. 
5 oo N.] 88 45 W. | 
42 15NV 6g 27 WT 
6 Colch 414" 


» 
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Colcheſter 
C. Cold 
C. Colnet 
R. Colerado . 
J. Colgau 
Collioure 
C. Colone 
C. Colone 
C. Colonni 
O. Colville 
Comana 
C. Comarin 
C. Comfort 
Concarneau 
C. Conception 
B. Conception Entta 
Conception 
R. Congo 
I. Coningen 
Coningſburgzh 
Conquet 
C. Conquibaco 
onſtantinople 
Cook's Straits 
Cooper's Iſle 
Copenhagea 
Coperwic 
I, Copland 
I. Coquet 
R. Coquimbo 
Cor dau 
Cordoue 


Corea, South limit 


I. Corfu 

C. Corientes 

C. Corientes 
Corinth 

Corke 

C. Coronation 

C. Corſe 

b Corſo, North 


1 


point 


Bonfacio, South 


[Cow and Calf 

I. Cozumel 

R. Crocei 

[Cromer 

[Crooked I, N. poiat 
[Croſs Iſle 

{Croſs Point 


po 1 
P. de Mais E. 

point 
Hollow Cape 


2 „ * 


— 


Cont. 


Countries. Coaſt. Latitude. 
He =_= — 
OE 

Eu. England Germ. Ocean] 52 00 N. 
Ev. Greenland North Ocean | 79 00 N. 
Aſia N. Caledonia|Pacif. Ocean | 20 30 8. 
Am. New Spain [G. California] 31 40 N. 
Eu. Ruſſia orth Ocean | 69 20 N. 
Eu. Spain Medit, Sea 42 31 N. 
Eu. Turky Archipelago | 37 43 N- 
Aſia [Natolia [Archipelago | 39 10 N. 
Eu. [Italy Medit. Sea 38 56 N. 
Aſia N. Zealand Pacif. Ocean | 36 27 8 
Am. [Terra Firma|Atl. Ocean 10 00 N. 
Asia. India Indian Ocesn 7 45 N. 
Am, [New Wales [Hudſon's Bay] 64 45 N. 
Eu, [France B. Biſcay 47 54 N. 
Am. |Calefornia |Pacif. Ocean | 35 40 N. 
Am. |Newfoundl. |Atl, Ocean | 48 25 N. 
Am. Chili Pacif. Ocean] 36 43 8. 
Africa Congo Eth. Ocean 5 45 8. 
Afia N. Zealand Pacif. Ocean] 34 30 8. 
Eu, Poland ]Igaltic Sea 54 44 N. 
Eu. France Eng. Channel| 48 30 N. 
Am, Terra Firma Atl. Ocean 12 15 N. 
Eu. [Turkey Archipelago | 41 00 N. 
Aſia N. Zealand |Pacif. Ocean | 4x 6 8. 
Am. S. Georgia |Atl. Ocean 54 57 8. 
Eu. Denmark Baltic Sea 55 41 N. 
Eu. Norway {Sound 59 20 N, 
Eu. [Ireland Iriſh Sea 54 40 N. 
Eu, England [Germ. Ocean] 55 20 N. 
Am. Chili Pacif. Ocean | 29 54 8. 
Afia Natolia 12 38 03 N. 
Eu. France B. Biſcay 45 30 N. 
Aſia China PPacif. Ocean 34 30 N. 
Eu. [Turky Mediterran. 39 80 N. 
Africa Cafftes Indian Ocean 24 08 8. 
Am. Mexico Pacif. Ocean | 20 18 N. 
Eu. [Turky * [Archipelago | 37 39 N. 
Eu, Ireland St. Geo. Ch.] 51 54 N. 
Aſia N. CalidonisPacif. Ocean | 22 5 8. 
Africa Guinea Eth. Sea 5 12 N. 
, 2 N. 

Ev. Iltaly Mediterran, 12 — N. 
Eu. [Azores Atl. Ocean | 39 42 N. 
Africa. Madagaſcar Indian Ocean | 10 28 8. 
Am, Canada R. St. Lawr.| 47 31 N. 
Eu, {ireland Weft. Ocean | 51 22 N. 
Am. |Yucatan Alt. Ocean 19 36 N. 
Afia |China B. Nankin þ 34 06 N. 
Eu. England [Germ. Ocean| 53 05 N. 
Am, [Bahama Atl. Ocean 22 47 N. 
Eu, [Ruſſis White Sca 66 31 N. 
Eu. {Nova Zem. North Ocean] 72 oo N. 
Africa Barbery Atl. Ocean 30 36 N. 
Am. Antilles I. [Atl Ocean 17 53 0 
21 45 N. 

Am, Antilles I, Au. Ocean J 20 o; N. 

| 


H. Water] 


zh. oom. 


15 


30 
30 
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| Names of Places, |Cont. Countries, | Coaſt. Longitude, | Lodgitade. H. Was 
78 o 'F 3 
„. Jago 20 O3 N.] 75 51 W. 
2 } St. Mary ; (5 20 N.] 78 10W. 
Le St. Eſprit Am. Antiſes I, Atl. Ocean 21 56 N.] 79 50 W. 
| = Havannah | 23 12 N.] $1 45 W. 
| | B. Hong | 22 54N.| 81 40 W. 
[Cubbs Iſles Am. New Wales [Hudſon's Ba; 54 15 N.] 82 34 W. 
Jcubello Afia lad. Malab. [Indian Ocean| 7 go N. 71 55 E. 
C. Cumberland Afia N. Hebrides|Pacif. Ocean | 14 40 S. 166 47 E. 
umberland Weg Afia [Society Iles Pacif. Ocean | 19 18 S.] 140 36 E. 
4/3. Cumberland Am. North Main Davis's Str. 66 40 N.] 65 20 W. 
f Curaſſoa Am. Terra Firma Atl. Ocean 11 56 N.] 68 20 W. 
I. Cuzzola Eu. [Turky Medit. Sea 42 50 N.] 16 55 E. 
Cuſco Am, Petru Inland 12 25 S.] 73 35 W. 
C. Baſſa, W. end 35 ©4N.| 33 04 E. 
» {| C. St. Andr. E. 1 
end 13 2 40 N.] 35 C8 E 
Je. de Gaffe, s Ad [Syria Medit. Sea | 
1-2 | poi E 35 N.] 33 41 B 
— | C. Grego, S. E. | 
point 34 57% N.] 34 36 E 
D 9 , 
{[Dabul Afta [India Arabian Sea | 18 24 N.] 73 33 E. F 
1/Dahlak Afia [Arabia Red Sea 15 50 N.] 41 44 E: 
des of Danger Aſia [Society Hes |Pacif, Ocean | 10 15 S.] 165 50 W. 
1 11 we } Eu. ivonia {Baltic Sea 4 $3 55 N 22 32 E. 
4 Dantzic Eu. oland Ba'tic Sea 54 22 N.] 18 36 E. 
Str. Derdanels Eu. [Turky Archipelago 40 10 N.] 26 26 E. f 
Gulph Derien Am. [Terra Firma|CarribbeanSzaſ 8 gs N.] 76 35 W. f 
Dartmouth Ev. [England ng. Channe.] 50 27 N. 3 36 FW. 6h.30m. | 
. Dauphin Am. |Louifiana Cz. Mexico 29 40 N. 87 53 WH © 
St. David's Head Eu. JWales St. Geo. Ch. 51 55 N. $ 22 W. 6 co 
ort St. David's Aſia India Corom. Coat] 12 Of N, 80 55 E. 
I. Deſeada Am. [Carib. Iles Ati. Oc an 16 36 N.] t 10 W. 
C. Deſezda Am. T. del FurgoPacif. Ocean] 53 4 S 74 18 W. 
'e. Deſire Eu. Nova Zem, North Ocean | 77 45 N 79 20 E 
C. Deſol:tion Am. [Greenland [North Ocean] 61 45 N.] 47 oo W. 
[Devil's iſles Eu. [Greenland North Ocean] SO oo N 11 43 E 
Dew point Afia [India 8. Bengal 16 07 N.] 81 47 E 
. Diego Rayes Aſia Ind, Malab. Indian Ocear b 7 k- 70 25 T 
{{[. Diego Garcia Africa|India Indian Ocean] 8 45 S| 68 10 EA 
Str. Diemen Aſia [ſapan Iſles |Pacif, Ocean} 34 12 N.] 130 55 E. | 
I. Dieu Eu. France [Bay of Biſcay] 46 26 N] 2 20 W. 
Dieppe Eu. France Eng. Chanacl] ag 55 N. 1 12 E. io 30 
E 2 0 "oY Am. Greenland IBaffing's Bay 76 48 NI 59 o W. lt 
c. Diggs Am. [Labrador {Hudſon's Bay | 62 45 N.] 78 go W. 
Po, Diu Aſia. [India indian Ocean] 24 37 N.] 70 28 E N 
C. Dobbs [Am. North Wales Hudſon's Bayf 6g 10 N.] 86 25 . 
Dofare Aha Arabia [indian Ocean | 16 24 N.] 53 40 E 
. Do ; 
lied: \ Am. [Antilles Ad. Ocean 18 25 N.| 69 30 W. | 
I. Dominico Am, Carribbes |Atl. Ocean 15 18 N.] 61 28 W. 
Dordrecht Eu. D. Neth, R. Maes 54 o N 426 E 
C. Dorfui Africa. A jan Ind ian Ocean] 10 15 N 50 44 E. 6 
. Doro Eu. [Turky Archipelago] 38 oz NI 2512 E 
Dort Ea. D. Neth. [Germ. Ocean] 5x 4% N.] 4 40 E 3 oo 
I. Do el JEv. | [Livonia Baltic Sea 58 20 NJ 23 oo E | 
s, Dos Banhos ſAfrica/Zanguebar Indian Ocean 8 15 N.] 49 24 E. | 
Eu, England Eng. Channel 51 c N 1 19 EHI 30 
v. {England - Germ. Ocean . | 
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Names of Places. |Cont. | Countries. | © Coaſt, ] Latitude. | Longitude. fr. Witer 
* | | 0 7 0 1 

Po. Dradate Aſriea Egypt Yea 19 56 N.] 37 40 E. 

[o Drake, fir Francis Am. California Pacif. Ocean | 38 45 N.] 128 35 W. 
Drontheim Eu. Norway orth Ocean | 63 16 N.] 10 55 E. 
Dublin Eu. Ireland [Iriſh Sea 54 12 N.] 6 55 W. gh. 15m. 
Dunbar Eu. Scotland erm. Ocean 55 58 N. 2 22 W. 2 30 
Dandalle Eu. Ireland Iriſk Sea 33 57 N.] 6 28 W. 1 
Dundee Eu. Scotland erm. Ocean] 36 26 N.] 2 48 W. 2 15 
Dongarvan Eu. Ireland Atl. Ocean | Ir 57 N.] 7 55W4 4 30 
Dungeneſs Eu. England ng. Channel] 50 53 N.] o 31 E. 9 45 
'Duncanfby Head Eu. Scotland erm. Ocean 58 40 N.] 2 5% W.“ 
Duokirlk Eu. [France Germ. Ocean] 51 02 N.] 2 27 E. o oo 
Dunnole | Eu. . White ng. Channel| 50 34 N.] 115 W. 45 
Durazzo Eu. Turky edit. Sea 41 58 N.] 25 co E. 
Duſky * | Afia N. Zealand [Parif. Ocean] 45 47 8. 168 18 Eto 57 
C. Eaſt Am. Statenland Str. Te Maire] 54 54 8 64 47W. 

[Eaſter If, Am. Chili acif, Ocean | 27 8 S.] 109 52 W. 2 00, 
Edinburgh - u. Scotland erm. Ocean 55 58 NI 3 W. 4 30 

IEayſtone Eu. England Eng; Channel| 50 12 N.] 4 20 W. 5 30 
Egmont Ifle Aſia Society Iſles Pacif. Ocean] 19 20 S.] 138 30 W. | 
C. Ugmont Afia N. Zealand Pacif. Ocean | 39 20 8 177 45 E. 

I, Elba. Eu. Italy Mediterran. 42 52 N.] 10 38 E. 
R. Elbe mouth' * Ev. Germany |Germ. Ocean] 54 18 N.] 7 10 E.| o o 
Elbing Ik. Poland Baltic Sea 54 12 N.] 20 35 E.] 
Elängburgh Eu. Sweden Baltic Sea 36 oo N.] 13.55 E 
s 4 Ew. [Denmark Baltic Sea 56 oo — 13 4 — 

. pt. 25 48 N.] 76 42 W. 
* Elutheriz 3 8. pt, Am. Bahama Atl. Ocean + 4 57 N 75 5j W. | 

Embden Ev, Germany Germ. Ocean] 53 os N. 726 E. o oo 
R. Emes moutb Eu. [Germany [Germ. Ocean 53 10 N.] 7 20 El 7 30 
Enchuyſen Eu. [D. Neth. Zuyder Sea 52 43 N] 5 C6 E. o oo. 
Endeavour R. Afia N. Holland [Pacif. Ocean | 15 26 8.] 145 12 E. 

I, Engano, er [ A Cumies Lotion een 6 8 2 , 

Trompouſa m. Sumatra in, Ocean o 8. 102 35 E. . 
B. Enhorn Eu, |Greenland North Sea 73 45 N.] 26 os E. 
Ephe ſus alia |Natolia aArchipelago | 38 co N.] 27 53 E. 

'Erramanga Afia N. Hebrides Pacif. Ocean } 18 44 S.| 169 20 E. 
Eſtaples | Eu. France Eng. Channel 50 34 N. 1 42 E.ji1t 00 
Euſtatia Am. |Caribbe Atl. Ocean 17 30 N. 63 14 W. \ 
I. Exuma £ Am. [Bahama Atl, Ocean 23-25 N.] 75 35W. 
| Fairhead Eu. Ireland Welt. Ocean] 55 10 N] 6 20 W. 

[C. Falcon Africa Barby Medit. Sea 360 0% N.] o 14 W. 

Falkland J 16. A. patagonla d N 
I. Falklan 5 We Am. atagonia Ocean Þ 27 8.] 61 53W. 
Falmouth Ev. [England Eng. Channel] 50 12 N.] 5 12W.| 5 39 
C. Falo Eu. [Turky Archipelago | 40 12 N.] 24 27 E. 
C. Falſo Africa Caffers Indian Ocean 34 16 8] 18 44 E. 
C. Falſo Africa. Zanguebar Indian Ocean 8 52 8.] 89 55 E. 
Falſterdom Eu. Sweden Baltic Sea 55 20 N 23 36 E. 
I. Fana Eu. Turky Medit, Sea 40 14 N.] 19 32 E. 
R. Farate Africa Egypt ed Sea 21 40 N.] 36 29 E. 
Faro Head Eu. Scotſand Wet. Ocean | 58 40 N 4 50 W. 
C. Farewell Afia N. Zealand 'Pacif. Ocean | 40 35 S.] 172 47 k. 
C. Farewell Am. [Greenland [North Ocean | 59 47 N.] 44 30 W. 
C. Fartack Aſia, [Arabia Indian Ocean} 15 41 N.] 51 31 E. 
Am. }Caroliag Atl Ocean 34 04 N 78 ogW. 
Am, |B:afit Atl. Ocean 3 56 S.] 32 23W. 
Eu, Jhaty edit, Sea | 33 33 N.] 14 51 E. 
18 Archipelago | 37 24 N.] 25 05 E. 
Africa O uiae: Atl. Occan 3a NI 3.33 KE. 
J. Ferro 


— — 
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— ; | 
I, Ferro Africa Canaries JAtl. Ocean 18 06 W. 
C. Finiſtere Eu, tl, Ocean 9 36 W. 1 
I. Fironda Aſia acif. Ocean | 127 25 E. | 
Flamborough Head Eu. Germ. Ocean © 11 E. ch. oom. 
I. Flores Eu. Atl. Ocean o 59 W. 
C. Florida Am. G. Mexico o 20 W. 7 30 
Fluſhing Eu, erm. Ocean 3 20 E. o 45 
I. Fly Eu. Germ. Ocean 5 35 E47 30: 
Forbiſher's Straits Am. Atl. Ocean 47 18 W.. 
North Foreland Eu. Germ, Ocean 1 25 E. 9 4s 
South Foreland Eu. ng. Channe 124 E.|9 45 
Foreland Fair Eu, North Ocean 6 30 W. 
Foreland Fair Eu. North Ocean 10 50 E. 
Foreland Merchants Am orth Occan 17 og W. 
I. Formentaria Eu, Medit, Sea 1 15 E. 
I. Formigas Eu. Alt. Ocean 24 43 W. 
C. Formoſa [Affica [ Guinea Eth. Sea 5 43 E 
R. Formoſa 1 Africa Guinea Eth. Sea 4 49 E. 
- point 121 25 E 
I. Formoſa 8. woint Af Indian Ocean — — E. 
ſe 1 S. T[Africa|Canaries Atl, Ocean 14 04 W. 
Foulneſs Eu. Germ, Oc o 58 El 6 45 
Foulſound Eu, North Ocean I2 50 E. 
Fowey Eu. Eng. Change! 4 30 W. IS 15 
I. France, P. Louis [Africa Madagaſcar Indian Ocean 87 33 E. 
C. St. Francis Am. Pacif. Ocean 80 35 W 
I. St. Franciſco Africa[Zanguebar Indian Ocean 53 22 E 
R. St. Franciſco Am. jBrafil Atl. Ocean 30 30 W 
C. Francois Am. Domingo PPacif. Ocean 72'15 W. | 
Frederickſtat Eu, [Norway ound it 10 E | 
French Keys Am. [Bahama Atl. Ocean 72 10 W 
Fretum Borough Eu. Ruſſia North Ocean 61 20 E 
C. Frio Am. |Brafil Atl. Ocean 40 11 W 
R. Fugor Africa|\/anguebar [Indian Ocean 42 og E. | 
[. Fuego Africa|]De Verd . jAtl, Ocean 23 28 W. | 
Furneaux Tfland Aſa Soc. Iſſes Pacif. Ocean 143 07 W. | 
B. Fuſhan Aſia |China Pacif, Ocean 112 35 E. | 
I. Fyal Eu. [Azores Atl. Ocean 28 33 W. 2 20 | 
I. Galla Am. Terra Firma|Pacif. Ocean 79 35 W. | 
X. Gallega Am. Patagonia JAtl, Ocean 65 35 
I. G:llego Am. Terra FirmajPacif. Ocean 104 35 W 
Gallipoli Eu. Italy Medit. Sea 18 08 E 
Gallipoly Eu, [Turkey Archipelago . 702 E 
1. Gallita AfricajBarbary Medit, Sca f 9 03 E 
Gallo [Afia, I. Ceylon Indian Ocean] 6 4 80 20 E | 
Is. Gallepago Am, Peru Pacif, Ocean , — "s 89 oo W. 
Galiy Head Eu. Ireland Weſt Ocean 40 N.] 9 30 W. 
Galway Eu. Ireland Weſt. Ocean 10 N.] 10 03 W. 
R. Gambia Africa Negroland JAtl. Ocean oo N.] 14 58 W 
I. Gamo Aſia. India Indian Ocean os S.] 77 25 E. | 
. Gardafui Africa Anian ndian Ocean 4 N.] 50 25 E. 
R. Garronne Eu. France B. Biſcay 30 N x 05 W.] 3 0 
Gaſpey Bay Am. Acadia G. St. Law. 49 N.] 63 34 W.] 1 30 
C. de Gatt Eu. Spain Medit Sea 32 N.] 2 og W. 
C. Gear Africe.Berbaryx JAtl, Ocean 35 N.] 10 o1W. 
Genoa K Eu. Italy Medit, Sca s N.] 8 41 E 
C. St. George Am. Newfoundl. Atl, Ocean 8 N.] 57 43 W | 
C. George : Am. |S. Georgia Atl, Ocean 54 17 SJ 36 33 W | 
B. St. George Am. \Newfoundl. Atl. Ocean 48 19 N. 57 3oW. 
LT — 


——— 


1. St. George 
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| Coaft. 


I. St. 
I. St. Geor 


St, George's Fort 


Gibraltar 


Glouceſter Iſles 
Glouceſter Iſles 


Goa 
Gocs 


Golfe triſte 


Gombroon 
I. Gomero 


C. GCondewar 


Gottingen 


'Gower's Ille 


R. Grand 
Granville 


C. De Grat 


I. Gratioſa 


I. Gratioſa 


Gratios a Dios 


Graveline 
'Graveſend 


I. Grenada 


Greenwich 


C. Gremia * 


Gripſwald 
Grimetby 


Groin, or C, Corunna 


H Y. 


Countries. | 


- 


B. Bengal 
Medit. Sea 
Pacif. Ocean 


N R. Clyde 
Society Iſles Pacif. Ocean 
Society Ifles |[Pacif. Ocean 
ladia Malabar , 
D. Neth. 
Terra Firm 
Perſia 
Africa'Canaries 
Afia {India 


Atl. Ocean 
Medit. Sea 


Eng. Channell 
R. Thames 
Atl. Ocean 
R. Thames 
Archipelago 
Baltic Sea 
Germ. Ocean, 
B. Biſcay 
„Atl. Ocean 
Atl. Ocean 
Pacif. Ocean 
Eng. Channel 
t. Geo, Ch. 
Caſpian Sea 


q 


ith Ocean 
Indian Ocean 


Nova Scotia; Weſtern Oc. 
Atl. Ocean 


orth Ocean 
R. Elbe 
R. St. Lawr. 
Germ. Ocean 
Briſtol. Chan. 
Germ, Ocean 
Germ. Ocean 
Atl. Ocean 
Atl. Ocean 
Eng. Channel] 


_ Ee 


* 3 


* 
un 
& on 


53-21-1333 


ITIIIES-Se 5 
K 


LY 


N. 
N. 
N, 
N 
N. 
N. 
N. , 
N 
N 
N. 
N. 
N 
N. 


| 


S222, GRE 
Sto Sp 


n 


2383888 88. 


88. 


SNN A 


39 -| 
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Hawke's Bay Aſia 
J. Sr. Helena Af:ica 
Helie's Sound Eu, 
Is. Heligh Land Eu. 
C. Henrietta Maria |Am. 
C. Henry Am. 
11 ervey's Ille Aſia 
I. Heys Eu. 
High Mount [Eo 
Hinchingbrook I, [Aſia 
C. Henlopen Am, 

[. Tiberon, W. 
| t. 
2 | Cs 
S | C. St. Nichol. 
SN. W. pt. Am. 
I Po. Grave 
= | St. Domingo 
C. Raphael N. 
LY pt. 8 
Hogſties Am. 
\'E W, limit 
= N, Ditto 
Z Is. Dito * 
T (E. Ditto 
Holy Cape Aſia 
Holy Head Eu. 
C. Honduras [Am. 
B. Hondy, I. Cuba Am. 
Honfleur Eu. 
Hood's Iſle Aſia 
Hope Iſle Eu. 
C. Horn Am. 
Hornſound Eu. 
[La Hogue Eu. 
{How's Iſle Aſia 
C. How Afia 
R. Hughly Aſia 
Hull - Ew. 
Eu, 


R. Humber, Ent. 
f. Hyneago 
I 


ado 
C. Faffanapatan 
H. Jago 
IS (Weſt end 
— 0 Port Royal 
E ( Eaſt end 
James Town 
R. Janeiro 


Japan Iſles 
— 

LT Eaſt limit 
Ice Cove 

Ice Point 
Ice Sound 
I. Jerſey | 
eruſalem 


132 4 


i. D:lo, W. pt. 
4 0 


I. Iay, S. pt. ' | 
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Countries. | Coaſt, Latitude, | Longitude. H. Water. 
| | . o # 0 7 
N. Zealand Pacif. Ocean] 39 30 8. 177 6 KE. 
Caffers At l. Ocean 15 55 S.] 5 49 W. 
Greenland [North Ocean | 79 15 N.] 12 50 E. 
Norway North Ocean | 65 15 N.] 9 30 E. 
New Wales Hudſon's Bay] 55 10 N.] 84 oo W. 
Virginia Atl. Ocean 37 co N.] 76 23 W. 
Society Iſles Pacif. Ocean 19 17 S.| 158 48 W. 
France B. Biſcay 46 24 N.] 2 14 W. 
Greenland [North Ocean 83 23 N.] 26 46 E. 
N. Hebrides Pacif. Ocean] 17 1 S.| 168 38 E. 
Maryland Atl, Ocean 38 48 N.] 75 03 W. 
18 19 N.] 94 24 W. 
l 18 19 N. 3 W. 
Antilles Atl. Ocean | 79 59 N.] 73 18 W. 
18 28 N.] 72 42 W. 
18 25 N.] 69 30 W. 
19 05 N.] 68 zo W. 
Bahama Atl. Ocean | 21 41 N, 73 25 W.| 
25 30 7 111 10 = 
UP 12 141 31 E. 
m— nan Ocean 43 8. bas _ E. 
| 27 10 8.] 153 29 E 
Siberia North Ocean | 72 32 N.] 179 45 E 
Wales Iriſh Sea 53 23 N.] 4 40 W. 
New Spain Caribbean Sea] 16 18 N.] 85 23 W 
Antilles Alt. Ocean 22 54 N.] 82 40 W 
France R. Seine 24 N | o 20 E 
Marqueſas |Pacif. Ocean 9 26 8. 138 52 W 
Greenland [North Ocean] 76 22 N.] 23 40 E 
T. del Fuego|Pacif. Ocean] 55 59 S.] 67 26 W 
Greenland [North Ocean] 76 41 13 36 E. 
France ng. Channel| 49 45 N.] 1 55 W. 
Society's If, |Pacif, Ocean | 16 46 S.| 154 7 W. 
N. Holland [Pacif. Ocean | 37 24 S.] 150 oo E. 
India B. Bengal 21 45 N.] 89 15 E. 
[England Humber 53 50 N.] o 28 W. 
erm. Ocean 53 55 N o 24 E. 
Atl. Ocean 21 27 N.] 73 29 W. 
Pacif. Ocean | 36 oo N.] 149 40 E. 
Indian Ocean] 9 47 N.] 80 55 E. ö 
Atl. Ocean 15 07 N.] 23 30 W 
Pacif, Ocean] 62 2 N. 129 52 E. 
18 45 N.] 78 oo 
eſt Indies Atl. Ocean | 17 40 N.] 76 39 W. 
17 58 N.] 76 og W 
B. Chelapeak] 37 30 N.] 96 oo W. 
Atl, Ocean | 22 54 8] 42 40 W. 
40 40 NI 141 25 E. 
ern 2 1 45 N. 126 =. E. 
| 6 50 S.] 105 15 E 
Oceao|ſ 7 00 S., 
1 8 30 $1 2:5 55 E 
| udſ. Straits | 62 40 N.] 69 oo W. to oo 
ova Zem. North Ocean] 77 40 N.] 69 10 E. 
Greenland North Ocean] 78 13 NI 12 oo E. 
Eng. Channel] 49 07 NI 2 26 W. 
Inland 31 50 N.] 35 25 E. 
IWeſt Ocean N. 20 W. ; 
4 2 R. Indus 
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Names of Places. |Cont. | Countries. | Coaſt, | Latitude. | Longitude: JH. Water, 
— — — — - — — - — 
S.:4 
R. Indus Aſia Indian Ocean} 25 $go N. 66 3 ; E.f 
Inverneſs Eu, erm, Ocean 57 33 N.] 4 02 W. 
Joanna Africa Zangue Indian Ocean] 12 05 S.] 45 45 E. 
Jaddah Afia Arabia ed Sea 22 p N.] 39 27 k. 
C. St. John Am. |\Newfounel, Weſt. Ocean 50 08 N.] 55 32 W. 
C. St. John Afriea Maiumbo Eth. Ocean 1 17 N.] 9 34 E ' 
Fort St. John Am, |Newfound). —. Ocean 47 34 — 52 18 WI 6h. om. 
E. pt. ay St. Lau-] 46 30 N.] 62 SW. 
1 St. John N. be. Am. Canada \ rence 47 * N. 64 oy W. 
I. St. John de Noya Africa. Madagaſcar Indien Ocean] 17 oo S.] 44 02 E, 
St. John de Luz Eu. France B. Biſcay 43 10N 138 W. 3 30 
ape Jones IAm. New Britain|Hudſon's Bay] 58 50 N.] 79 oOo W. | 
oppa Aſia Syria Levant 32 45 N.] 36 oo E. 
Jones Sound Am. |Groenland Baffin's Bay 71 07 N. gi zo W. | 4 
St. Joſeph Am, [California |Pacif, Ocean] 23 3-5 109 35 W. | 
Ipſwich Eu. England [Germ. Ocean] 52 14 N.] 1 oo E. 
Iſpahan Afia Perſia R. Zenduro | 32 25 N.] 5 55 E. | 
C. St. Juan Am. Statenland Atl. Ocean 54 47 S.] 63 47W- | 
I. Juan Fernandes Am. Chili Pacif. Ocean | 33 45 8] 78 37 W. | 
Por. St, ſulian © [Am. Patagonia |S. Atl, Ocean] 48 5 8.] 65 10W.| 4 45 
I. Ivica Eu. Spain edit. Sea 38 54 N.] 1 15 E. | 
Kalmer Eu. [Sweden Baltic Sea 56 40 N.] 217 25 E. 
Karabaya * Afia India Indian Ocean 33 36 = 72 50 1. = 
wer . . ' 5 11 TS 2 0 ' i 
Kamcbatcha Upper Aſia Siberia acif, Ocean 3 54 48 N. — 5 E. | 
| f x p 
I. Karaghinſkoy Afia Siberia Pacif, Ocean } 38 00 N. 162 10 E. 
I. St. Katherine's Am. Braſil Atl. Ocean | 27 45 S.] 47 58 W. 
Keco Afia Tonquin Indian Ocean] 21 5 ; | 106 10 E. 
Keyor Eu, Muſcovy orth Ocean] 70 18 N.] 34 00 E. 
R. Kenngbeck Am. New Eng. Atl. Ocean 44 00 N.] 69 46 Ww... 
al! be. [England Genn. 31 42 N. 1 48 E. e 00, 
I. St. Kilda Eu. Scotland eſt Ocean 57 44 N.] 8 18 W. 
I. Kilduin Eu. |Lapland North Ocean] 69 30 N.] 31 26 E.] 7 30 
Kinſale Eu. \Ireiand Atl. Ocean 132 N.] 9 OW. 5 15 
Klip Eu. |Greealand {North Ocean] 80 10 N.] 12 22 EJ. 
R. Kola Eu. Lapland North Ocean] 68 53 N.] 33 08 E. f 
C. Kol Eu. sweden Sound 56 50 N.] 13 13 E. 
Port Komol Africa|Abyfliaia Red Sea 22 30 N.] 36 17 E. 
Komero Iſles Africa Zanguebar Iadian Ocea 1 " 1⁰ oo] 4s 40 = | 
R. Kowimia Afia Siberia North Ocean] 70 40 N.] 159 oo E. 
L 1 
Ladrone, or Marian ; 21 co N.] 144 oo E. 
| Iſs * Afia Pacif. Ocean 1 15 N. 142 55 K. : 
c. L' Aigulle Africa Caffraria Indian Ocean] 34 50 S.] 20 06 E. 
Lancaſter ' Eu. England St. Geo. Cha. 54 42 N.] 4 36W. ' 
I. Lancerota Africa|Canaries Atl. Ocean 29 10 N.] 13 20 W. 
Land's End Eu, England St. Geo. Ch. | 50 06 N.] 5 so W. 7 30 
Langeneſs Eu. Nova Zem. North Ocean] 74 40 N.] 53 36 EK. 
I. Lambay Eu. Ireland Iriſh Sea 51 24 N.] 7 30 W. 8 25 
I. Lampadoſa Africa Tunis Medit. Sea 35 32 N.] 12 45 E. | 
Am. Patagonia /|Pacif. Ocean _— 4 8.] 73 35W./ 
Africa Angola Atl. Ocean 9 24 S.] 12 55 E. 
Eu. Scotland Germ. Ocean] 55 38 N. 2 59 W. 4 30 
Eu. Italy Medit. Sea 43.33 N.] 10 25 E 
Aſia Natolia Archipelago | 40.02 N.] 25 36 E/ 
Eu. Turkey Medit. Sea 40 44 N.] 19 36 E. | 
Eu. England Serm. Ocean 52 38. N 154 E. 9 45 
Eu. Turky Medit. Sea 38 20 N.] 22 03 E. 0 
Afia N. Hebrides, Pacif. Ocean | | 167 57 E. 
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| o 7 * 7 | 
I. Leſow . Eu, [Denmark und 57 of N.] 11 06 E 
Liverpool Eu, England riſh Sea 53 22 N.] 3 10 W 
I. Lewes, N. pt, Eu. Scotland ]Weſt Ocean | 58 35 N.] 6 37 W 
Liampo, or * A ſia Paci f. Ocean | 30 00 N.] 120 30 E 
Lima Am Pacif. Ocean | 12 o1 S.] 76 50 W. 
Lime Eu. Eng. Channel| 50 45 N.“ 3 15 W. 
Limerick Eu. R. Shannon 52 22 N.] 10 oo W 
I. Limoſa Eu. Medit. Sea 36 08 N.] 13 or E. 
I. Lipari Eu. Medit. Sea 38 35 N.] 15 31 E. 
l. Liqueo Aſia. Pacif. Ocean | 28 oo N.] 127 30 E. 
Liſbon Eu. R. Tagus 38 42 NT 9 4 
Liſbon Rock Eu. Weſt. Ocean | 38 42 N.] 9 25 W 
C. Liſburze Aſia if. 15 41 8. 166 57 W. 
I. Liſa Eu. i 42 56 N.] 18 32 E. 
Lizard | 9s Eng Chan 49 57 N 5 21 p— 
Iſles S. W, end 68 15 N.] 10 20 E. 
Loffout N. E. end Eu. onth Ocean 169 oo N.] 12 oo E. 
R. Loire, Ent. Eu. Biſcay 47 07 N.] 2 og W 
London Eu. England R. Thames 51 32 N. o oo 
New London Am. N. England Weſt. Ocean] 41 5o N.] 72 14 W. 
Londonderry Eu. Ireland Weſt. Ocean] 55 or N.] 7 31 W. 
Long Iſle Am. Weſt Ocean | 41 co N 4 — Wo 
I. Longo Eu, Adriat. Sea 43 45 N.] 17 58 E. 
Longſand Head Eu. Germ. Ocean] 51 47 N 1 41 E 
Lookout Point North Ocean 16 25 E. 
IC. Lopas 8 30 E 
B. St. Louis 97 08 W. 
Louiſburg 59 50 W 
Lubec 11 40 
C. St. Lucar 109 40 W 
R. Lucia 33 28 E. 
I. St. Lucia 24 33 W 
l. St. Lucia 61 OO 
« [N. E. point 121 45 E. 
E C. Bajador 120 25 E 
S < Manila. _ { 120 25 E 
Is. W. point 119 35 E. 
—- E. point 124 oo E 
Lunden 13 21 E, 
{. Lundy 4 Oo W 
Lupis's Head 10 15 W. 
vun o 32 E. 
C. Mabo 130 05 E. 
Macao, or Makau | 113 46 E. 
Macaſſar 117 30 E. 
. Machian 3 05 W. 
C. St. Mary, S. 45 $3, E. 
point E 
« | B.St. Auguſtin 44 25 E. 
3 | Terra de Gada 44 46 E. 
85 C. St. Andrew 45 22 E. 
34 C. St. Sebaſtian| 49 13 E. 
C. de Ambre, E 
N. point 13 
B. &Antongil | 49 40 E. 
Antavare | 47 48 E. 
Po. a8 | 4 48 06 E. 
I. Ma- *uncha 17 06 W. 
deira LW. end All. Ocean k ” 21 W. 
Madraſs Indian Ocean) 13 8 N.] 80 7 E. 


Book VI. 


Latitude. 


E. ent, 


I, Maguana 

P. Mahon, Ifle 
Minorca 

Majorca, Iſl. Ma- 
jorca 

C. Mala 

IMalacca 

{Malaga 

Iſles Mal- 7 N. end 
dive S. end 

Maleſtroom Whirl- 
pool 

. Malique 

St. Maloes 

I. Malta 

I. Man, W. end 

Mangalor - 

Manila 


| 


Marian, or 
Ladrone 
Iſles 
I. St. Maries 
t. Mariet 
I. Matigallante 
I, Maritimo, 8 cily 
Marquela IC, 
C. Martelo 
St. Martha 
I, St, Martin 
C. St. Martin 

St. Martin | 
J. Martinique, — 

Royal T 
Marſeilles 
C. St. Mary 
. St. Mary »* hb 
St. Mary 
St. Mary” 


Virgin 
NM. ſafuero 
II. Maſcarenhas 
L M. ſcarin 
Maſcae 
Maſkelyne's Iles 
Maſterland 
{Maſulipatan _ 


— — ——— 


1 — — 


I. Scilly 


eſt Indies 


[Nite of Places, Cont. | Countries. | Coaſt, 


Archipelago 


tr. Malacca | 


Medit, Sea 


Indian Ocean 
Weſt Ocean 
Indian Ocean 
Eng. Channel 
Medit. Sca 


Atl. Ocean 
Eng. Channel 
Atl, Ocean 


IMedit. Sea 


Pacif. Ocean 
edir. Sea 
tl. Ocean 
Atl. Ocean 
Atl. Ocean 
edit. Sea 


Atl. Ocean 


6 oo 


' 
- J | 


1 


LF 
, 


: 
i 
. 


a 
- — 
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| | Names of Places. |Cont. | Countries.“ Coaſt. Latitude, | Longitude. H. Water 
| | | a 8 0 # 
Ic. Matapan ' Eu. Turkey {Archipelago |: 46 25 NI 22 40 E. 
II. Matbare Afia [Japan 4Pacif. Ocean | 26 30 N. 137 oo E.“ 
] il; St, 'Mathew's Africa|Guinea  |Eth, Ocean 2-23 S 6 11 W.“ 
I. Mauritius Africa Madagaſcar Indian Ocean] 20 10 8] 57 33 E. 
Maurua Afia Society Iſles Pacif. Ocean | 26 26 8.] 152 33 W. 
I. May AfricaſC. Verd Atl. Ocean 15 13 NJ 23 OW. 
Ie. May Am. \Penfilvania Atl. Ocean 39 15 N.] 74 43 W. 
I. Mayette Africa Madagaſcar Indian Ocean] 12 53 8. 46 10 E. 
Mecca Aſia Arabia Red Sea 21 40 N.] 41 oo E. 
{ Medina * JAfia. [Arabia Red Sea 24 58 N.] 39 53 E. 
yl. Melada Eu. [Dalmatia |Adriat, Sea 42 40 19 34 E. 
IMelinde Africa Zanguebar Indian Ocean] 3 O S,| 39 40 E. 
II. Melo Eu. Turkey [Archipelago 36 41 N.] 25 og E. 
| FMemel Eu. |Courland [Baltic Ses 5 48 N. 22 23 E. 
Memiſſan Eu. France B. Biſcay 44 20 N. 1 23 W. Ih. 30m. 
I. Menado Aſia I. Celebes Pacif. Ocean x 36.N.| 122 25 E. | 
C. Mendozin Am. California [Pacif. Ocean | 41 20 N.] 130 15 W. il 
Mercury Bay Aſia N. Zealand |Pacif. Ocean] 36 50 S.] 175 12 E. 
R. Meraparvous Am. Bahama [Atl. Ocean | 21 58 N.] 74 13 W. 
[Meſſina ku. I. Sicily [Medit. Sea 38 21 N.] 16 21 E. 
e Meſurato Africa|Tripoli IMedit. Sea | 32 18 N.] 16 36 E. 
I Mety- C. Sigre l - 1 39 21 N.] 26 08 E. 
8 "ke Meylene |AGa Natolia + [Archipelago ] 39 11 N.] 26 47 E. 
[T Po,Ulvie 39 oO N.] 26 50 E 
I. Meun Eu. [Denmark Baltic Sea 55 oo N 13 15 E 
Mexico Am. Mexico Inland 15 54 N.] 100 o5 W. 
Miatea Alia Society Iſles|Pacif. Ocean | 7 52 S. 148  6'W. 
I. St. Michael Eu. Azores Atl. Ocean 37 45 N.] 25 23 W. 
Middleburg Eu. PD. Neth, [Germ. Ocean 51 37 N.] 3 58 E. 
— At. Friendly Id. [Pacif. Ocean | 21 21 8. 274 34 W. 
Milford Eu. Wales t. Geo. Ch. | 51 45 N.] 5 15W.| 28 
Milo, I. Milo Afia |Turky Archipelago 36 41 N| 25 og E. | 
Mill Iss Am, North MainſHudſon's Bay 64 36 N.] 86 30 W. 
| 2 N. point 9 40 N.] 124 25 EI 
. 8 S. E. pt. C. St. 8 8 
E Auguſtine | ada spice Iflands|Pacif, Ocean | 6 49 N. 126 25 E. | 
{= } S. W. pt. Cal- 
2 jew 617 £08 7 O N.] 121 25 E. 
11 t | N o N.] 124 43 E. 
I. Mindora Aſa Philip. Ifles [Pacif. Ocean * _ N. 119 5 E. 
1. Mi- N. W. pt. . 7 $ N. 4 E. 
ene 8.5 Sg Eu. Spin Mediterran. = — N. 28 . 
G. Miquelon Am. Ne foundl. JAtl. Ocean 47 3 N.] 56 13 W. 
L. Miquelon [Am. Newfoundl.Atl. Ocean 46 co N.] 56 13 W. 
1. Miſco Am. Nova Scotia [G. St. Lawr.| 48 O N.] 64 19 W. 
C. Miſerata - [Africa Guinea At}, Ocean 6 25 N.] 9 35 W. 
R. Miffiflipi, mouth Am, |Lyuihana JG. Mexico 29 oo N.] 89 19 W.“ 
[Mizen Head  \]Eu. - Ireland Atl. Ocean 51 16 N.] 10 20 W. 
Mocha [Asa Arabia Red Sea 1345 N 44 04 E. 
Mod on | Ev. \Turky + JMedit. Sea 26 55 N.] 21 op E. 
I. Mohilla Africa Zanguebar Indian Ocean 11 55 8. 45 00 E 
I. Monſerat Am. Weſt Indies [Atl. Ocean 16 48 N.| 62 22 W. 
Montague Iſle Ass N. Hebrides|Pacif. Ocean] 27 26 S.| 168 31 E. 
Montreal Jam. Canada R. St. Lar. 45 52 N.] 731 W. 
I. Monte Chriſto Eu. Italy | Medit. Sea | 42 17 N.] 10 28 E. | 
C. Monte Sancto Eu. - Turky i) Archipelago - 40 27 N. 24 39 E f 11 
Monument Aſia N. Hebrides |Pacif. Ocean | 17 14 8. 168 38 E. 
Mount St. Eu. France ag, Channel] 48 39 N.] 1 35 W. | 
I. Morgo {Afia-|Natolia + (H Archipelago | 36 55 N.] 26 30 E. | 
Morlaiz Eu. France Eng. Channel] 48 30 N.] 3 fo W114 
Mort Point a Eu. ag land It. Geo. Ch. 51 12 N. 4 40 W. f | 


— — — 


Molambique 


| | 
| — — 
» 4 1 
Moſambique * 1 "vs 00 84 45 40 E.|" 
Moſcow 4 55 25 N.] 37 gr ELI“ bv 
Moſquitos Bank 14 45 NI 80 og W. ile 
C. Mount a |-- 712 NA 10 446 W.] 0 
Mount's Bay - 50 os NF $5 45 W. Sh. ge 
| Mouſe River » 51 25 NF $3 15 W © * N 
IC. — IA Janbia Perfian Gult — o4 N. 55 22 E. 
| : | T 1151 1 I 9 
c. Nabo - Afa Japan acif, Ocean s NiF241 25 E. F 
[N angaſack Ass Jan pacif. Ocean — 4 N. 128 x. Eq 
[Nankin ' - [Aſi Chin Pacif, Ocean] 32 N. 418 35 E.“ 
Nantes 5 \JFrance' IB. Biſcay 4 13 N 1 29 W4 3 Go 
Nantucket Ifle- Nes Weſt Oe a | 41.34 N. 69 4% W. 
| Naples Har Medit. 40 51 N.] 14 19 E. 
Narbonde 8 race edit. Ses 43 12 N.] 3 os BÞ 
| Narfinga | India B. Bengel 18 of N.] 85 20 ET 
Narva ; ironi 0. Flntend . 59 88 N. 29" 16 E. 
I. Naſſauu ndian Ocean 3 00 S.] 100 25 0 4 
C. Naſſau erra Ack Oecan | 7 53 N.] 58 07 W O. 
Naſſau Str. { -JRufſſia North Ocean 69 55 N.] 57 30 E 2 
B. Natal | feica}Caffers ladian Ocean 49 25 Si 33 10 uy ö 
1. Naxos wh oTarkey + [Archipelago | 37 o6 N.] 25 58 E | 
|Naze | orway et Ocean 57 50 N.] 7 32 Efre a5 | 
|Needles Eu. jEagland Eng Chan 5 41 NI 1 28W.j10 2 | 
C. Negrailles Aſia Pegu IB. Bengal J 76 20 N.] 94 15 E 
[C. Negro * [AﬀticalCatt ad. Ocean 16 30 8.] 11 30 | 
C. Negro rica}Barbary IMedtt. Sea 37 ½ N.] 9 00 E. 1 
Negropont La. fTarky' {Archipelago | 38 30 N.] 24 05 E 4 
Port Neifon km. [New Wales [Hudſon's Bay] 57 07 N.] 92 37 W. | 
Port Nelſon's Shoals|Am. ;}New Wales Hades Bay] © 57 35 N.] 92 07 W4 8 20 
I. Nevis Am. Ceribbe Iſles Atl. Ottan 1 11 N.] 62 52 W. ":1 
{Newcaſtle * 1. "JEngland © Germ. Ocean] 55 03 N.] 1 28 W. 3 158 
AK. Nicaragua m. New Spain Atl. Ocean 11 40 N.] 8 N-. 7 þ 
. UNice *' Eu; ftaly + '{Medit, Sea 43 HN 7 22 E. 7M 
If, Nicobar | Afia bam Iz. Bengal 7 42 N.] 94 40 E. ö 
1. St. Nicholaa |AfricaſC, Verd. Atl. Ocean | 16 35 N.] 24 06 W. 
Nicotera Eu- Italy {Medit, Sea 38 33 N.] 16 30 E 1 
Nieuport IEu. Flondets Germ. Ocean 51 08 N.] 2 Fo Eta oO 
Niabhay As China Pacif, Ocean 37 10 N. 122 25 E 
Ningpo, or Liampo |Afia China pacif. Ocean | 30 0 N. 120 5o kk | 
II. Nio © Ea. Taskey Archipelago | 36 48 N.] 26 o2 E. 
III. Noel Aſia - {India | Indian Occanſ 10 30, S.] 105 25 E 
Ic. Noir am. T. del FuegePacif. Ocean | 54 32 8. 72 3 Wi 
Norfolk Iſle N. Holland {P4cif.” Ocean 49 2 S.] 168 10 F | 
C. de Non — — Atl, Ocean 288 04 N.] 10 32 W 1 
Nombre de Dios era FirmajCarribbe Sea } 9 43 N.] 78 35 W. | 
Nore x England R. Thames | 51 28 N. o 48 Elo co 
Noriton * Penſylvania Inland 10 10 N.] 75 17 W 
C. North + ' [Terra FirmafAtl, Ocean 1 45 NJ 49 co 
c. North Breton tl. Ocean | 47 3 N.] 60 8 W. 
C. North Am. S. Georgia Atl. Ocean 54 5 8 38 15 W. 
N. Cape, I. Maggoroe Eu. Lapland North Ocean 71 10 N.] 25 55 E| 3 o 
North Point Eu. Norway North Occen 62 15 N 6 i; E f | 
North Bluff Am. North MainjHud'on's Str. 62 30 N.] 70 59 W. b 
I. Nottingham, E. pt. Am. {New BritainjHudſon's Str. 63 35 N. 77 43 W.jto oo 
Oaite-Peha Bay Afia Otaheite |Pacif, Ocean] 17-46 S.| 149 13 W 
Oczakow IEA. Turky Black Sea 45 I2 - 34 40 x 
S. end i 9 50 15 18 35 E. 
O ο n. . Pf [og yen 22 * 17 36 E | 
Ohemaneno Bay As [Society Iftes|Uliatea 16 46 151 38 WIII 20 
Old Head of KingſalelEu. Ireland Atl. Ocean 51 30 N.] 8 564 W | 
- — — — 


— 


I. Oleron 
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[Orenburg 
|Orfordneſs 


I. Ormus 


|Orſk : 


J. Oruba 


Oſtend 
C. Otranto 


[Ozaca 
C. Padron 


Paita 
C. Paillouri 


Palermo, I. Sicily 


[Paliakate 


[Palliſer's Ie 


C. palliſer 
I. Palma 
I. Palmaria 


palmerſton's Iſle 


[C. Palmiras 
C. Palmas 
Panama 

1. Panaris 
Panorma 


1. Pantalaria 


R. Panuco 
R. Paraiba 
Paris 

C. Paſſero 
C. Patam 
I. Patmos 


[C. Paul 
| I, St. Paul 
| I, St. Paul 


I. Paxeros 


I. Pearl, or Serana 


Pegu 
Pekin 

I. Pelugoſa 
I. Pemba 


—— —— — 


Orkney Iſles, limits 
[New Orleans 


[C. del Oro, or Olerada|4 
R. Oronoque 


C. Oropeſo 


Oſnaburg Iſle 


Owharre Bay 


Afia N. Zealand 
naries 
taly 

Afia Society If 
Afia [India 
Africa Guinea 


| R. Pattahan 


[adagaſcar 
France 
California Pacif. Ocean 
Weſt Indies |A1l, Ocean 
India 3. Bengal 


|St. Paul de Leon 


[Africa angvebar ndian Ocea 


France B. Biſcay oa 
Brafil D. Atl. 0 


Germany Baltic Sea 
France 3. Biſcay 


Medit. Sea 


| Portugal  JAtl. Ocean 
Africa|Barbary edit. Sea 

Am. Terra FirmajAtl, Ocean 

» IItaly | edit. Sea 


Negroland' Atl. Ocean 
Terra Firma Atl. Ocean a 


Spain IMedit. Sea 
Aftracan land 
Spain 3. Biſcay 
[Italy edit. Sea 
Terra Firma Caribbean 
Society Iſle: Pacif. Ocean 
Flanders erm. Oc 
taly edit. Sea 
vahine Pacif. Ocean 
apan Pacif, Ocean 
Ngo Atl Ocean 
Peru Pacif, Ocean 
Twrky .. rchipelago 
Italy edit. Sea 
India B. Bengal 
dciety Iſles |Pacif. Ocean 


Pacif. Ocean 
Atl. Ocean 
1Medit, Sea 
Paci. Ocean 
B Bengal 
Atl, Ocean 


Mexico Pacif. Ocean 
Italy Medit. Sea 

u ledit. Sea 
taly edit, Sea 


exico 

Braſil Atl. Ocean 
rance N. Seine 

I. Sicily {|Medit. Sea 
Malacca Indian O 
Natolia Archipelago 
I. Sumatra Str. Malacca 
Spain Medit. Sea 


ewfound. B. St, Lawr. 


hina Inland 


fl 
. 


x 
; 


2 


2 


2 wy 
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Book VI. GEOGRAPHY. 
Names of Places, |Cont. | Countries. Coaſt. Latitude. Longitude. 
0 * 0 , 
2 Pembroke Am. New Wales Hudſon's Bay| 63 12 N.] 82 54 W. 
I. Pengwin [Am. Newfoundl. Atl. Ocean 47 23 N.] 56 56 W. 
Penmark Eu, France B. Biſcay 47 59 N.] 4 20 W. 
R. Penobſcot [Am. New Eng, Atl. Ocean | 44 40 N.] 68 52 W. 
{Pernambuco Am. |Brafil S. Atl, Ocean] 8 30 8.] 35 OW. 
Petapoli JAfia Iadia B. Bengal 16 14 N. + 10 E. 
L. St. Peter Am. Newſoundl. Atl. Ocean 46 46 N.] 56 5 W. 
Peterſburg Eu. Ruſſia Baltic Sea 59 56 N.] 30 19 E. 
C. Petra - [Aſia |Natolia Archipelago | 37 02 N.] 27 38 E. 
{Peverel Point Eu. England Eng. Channel] 50 34 N.] 1 22 W. 
{Philadelphia Am. |Penſilvania R. Delawar | 39 57 N.] 75 18 W. 
St. Phili Afeica]Benguela jAtl. Ocean 12 22 13 20 E. 
I. Pianoſa Eu, Italy Medit. Sea 42 46 N.] 10 34 E. 
Ude of Pines Afia N. Caledonia Pacif. Ocean | 22 38 S:| 167 38 E. 
I. Pico (Pike) Eu. Azores Atl. Ocean 38 29 N.] 28 19 W. 
C. Pinas Eu. Spain B. Biſcay 41 51 N.] 6 14 W 
fue. lac I. Am. |S. Georgia Atl. Ocean 54 42 8.] 36 58 W. 
* 2 or am. [california |Pacif. Ocean] 27 30 N. 117 15 W. 
piſcadore Iſles Afia {China acif. Ocean | 23 30 N.] 119 25 E 
Pitcairn's Iſles Am. Chili Pacif. Ocean | 25 2 8. 133 21 W. 
{Placentia [Am. [Newfoundl. |Atl. Ocean | 47 25 N.] 53 43 W. 
R. Plata Am. |La Plata At] Ocean 36 oo S.] 57 40 W. 
R. Plate wrack Am. Bahama IſlesAtl. Ocean 20 04 N.] 68 37 W. 
Plymouth Eu. {England Eng. Channel 50 24 N. 4 15 W. 
Policaſtro Eu. [Italy edit. Sea 40 18 N.] 15 45 E. 
1e. Polſapate Alia [Camba Indian Ocean 9 45 N.] 109 55 E. 
I. Poma Eu. EET Adriat, Sea 42 57 N.] 18 14 E. 
Pondicherry Afia India B. Bengal 11 56 N.] 79 53 E. 
pontorſon Eu. France Eng. Channel] 48 33 N 1 27 W. 
Ponoi Eu. Lapland North Sea 68 52 N.] 33 8 E. 
H. Ponza Eu. {italy edit. Sea 40 53 N.] 13 09 E. 
Pool Eu. {England Eng. Channel} 51 co N x o W. 
Porto Port Ku, Portugal JAtl. Ocean 40 53 Ne 8 35 W. 
Port Mahon Eu. Spain Medit. Sea 39 51 N 3 53 K. 
Portland Eu, England Eng. Channel| 50 30 N.] 2 48 W. 
Port l Orient Eu. France B. Biſcay 47 47 N 3 13 W. 
Porto Bello Am. New Spain Carrib. Sea 9 33 79 45 W. 
Porto Praya Africa|Cape Verd [Atl. Ocean 14 54 23 29 W. 
[2 ) E. point 18 35 N.] 65 58 W. 
83 f Port Rico Am. Antilles Atl. Ocean 18 29 N.] 66 25 W. 
* W. point | 18 34 N.] 67 51 W. 
i. Porto ſancto Africa/Canaries Atl. Ocean 32 58 N.] 16 25 W. 
Portſal! Eng. Channel] 48 36 N.] 4 43 W. 
|Portſmouth, R. Acad. Eng. Channel| 50 48 N.} 1 01 W. 
[Praken indian Ocean | 17 15 N. 106 15 E. 
Prenau Baltic Sea 58 26 N.] 24 58 E. 
I. Princes Atl. Ocean 147 N.] 6 39 E. 
C. Prior Atl, Ocean | 43 29 N.] L 15 W. 
III. Providence Alt. Ocean 24 51 N.] 77 ol W. 
p = — 4 a Atl. Ocean 13 26 N.] 80 42 W. 
Pudyoua ; . Pacif. Ocean | 20 18 S:| 164 41 E.“ 
I. ien Indian Ocean 8 34 N.] 207 35 E. 
| 
. N * N W 0 Eth. Sea 5 o N.] 4 oo W. 
Quebec Am, |Canada R. St. Law. | 46 55 N.] 71 12 W. 
Queda Aſia |Malaya B. Bengal 15 N.] 100 12 E. 
I. Quelpert jAfa [Korea Pacif. Ocean | 33 32 N.] 128 04 E. 
Quiloa - at TE ndian Ocean} 9 30 S.] 39 og E. 


Ravenna 

C. Ray 

l. Rhee 

Regio 

Cape Reſolution 
Reſolution Bay 
Reſolution Iſland 
Revel 


S. end 
Rigs 
Riptaps, a ſand 
Robin Hood's Bay 
I. Rocca 
Roche fort 
Rochel 
Rocheſter 
I, Rodrigue 
C. Romain 
Rome 
I. Roncadore 
Rood Bay 
C. Roque 
1. Roquepiz 
G. Roſes 
Roſtock 
. Rotterdam 
R otterdam 
? oven 
. Roxant 
C. Roxo 
Po. Royal 
C. Rozier 
i. Rugen 
H. Rum Keys or 
Samana 
R. Rupert 
. Ruſoto 
Nuſt Iſles 
by 


C. Sable 

. Sable, W. end 
[1. Saddle back 
Saffia 
I. Sfanjal bahr. 
IB. Saldanna 


— — 


9 Rhodes, N. 
2 v end 
E = } C, Tranquil, 


b 
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Latitude. | Longitude. 
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H. Water 


Countries | Coaſt, 
— — 
Eu. France B. Biſcay 
Afia Coch. Chi. Indian Ocean 
Africa/Zanguebar Indian Ocean 
Aſia N. Hebrides;Pacif. Ocean 
Am. Peru Inland 
Am. |Newfoundl.jAtl Ocean 
Eu. [Dalmatia {Medit. Sea 
Afia India {indian Ocean 
Eu. England Downs N 
Eu. England Eng. Channel 
Aſia Arabia Ind ian Ocea 
Eu. [Italy Medit, Sez 
Am, Newfound. |Atl. Ocean 
Eu. France B, Biſcay 
Fu. {Italy editerran. 
Am. N. Main {Hudſon's Str. 
Afia |Marqueſas |Pacif. Ocean 
Aſia Society Ifles|Pacif, Ocean 
Eu. JLiyonia Baltic Sea 
Afia Natolia Archipelago 
Ev, |Livonia Baltic Sea 
Eu, England Straits Dover 
Eu. {England * Ocean 
Am. Terra Firma Atl. Ocean 
Eu. France B. Biſcay 
Eu. France B. Biſcay 
Eu. England R. Medway 
Aſia |Madagaſcar Indian Ocean 
Am. [Terra Firma Atl. Ocean 
Eu. Italy Medit. Sea 
Am. Mexico Atl. Ocean 
Eu. [Greenland North Ocean 
Am. [Braſil Atl. Occan 
Africa Madagaſcar adian Ocean 
Eu. Spain Medit. Sea 
Eu. [Germany [Baltic Sea 
Aſia Friendly Is. Pacif. Ocean 
Eu, [D. Neth, [Germ. Ocean 
Eu. France R. Seine 5 
Eu. Portugal JAtl. Ocean 
AfricaſNegroland Atl, Ocean 
Am. I. Jamaica Caribbean Sea 
Am. Nova Scotia [G. St. Law. 
Eu. [Germany {Baltic Sea 
Am, ahama Atl. Ocean 
Am. New BritainjTudion's Bay 
AſricajBarca Medit. Sea 
Eu. or way North Sea 
Eu, JEvgland Eng. Channel 
Am. Nova Scotia | Atl. Ocean 
Am, ova ScotiajAtl. Ocean 
Am. North Main Hudſ. Straits 
Africa Barbary Atl. Ocean 
AlricaſEgypt ed Sea 
Alrica Caffers Atl. Ocean 


Names of Places. |Cont, | Caustries. Coaſt. | Lytitude. | Longitude. H. Water! 
- N 2 — | — ' 
! i ay. 
. Sal Atl, Ocean 16 55 N.] 21 41 W. 
Salerno edit. Sea 40 39 N.] 14 48 E, 
I. Salini, Lipari Id. edit. Sea 38 39 N.] 15 24 E. 
I. Saliſbury ö udſon's Bayj 63 29 N.] 76 47 W. 
[Salle | Atl. Ocean 33 5 N. 6 20 W. 
Solomon ies —— [Pacif. Ocean |} b 873 . 
| | 14 15 S.] 178 35 W. 
Salonechĩ urkey Archipehgo | 40 4x N.] 23 13 E. 
I. Salvagey Canaries .Atl. Ocean] 30 oo N.] 25 49 W. 
Upper 0 61 48 N.] 66 20 W oh. oom. 
[1 Salvages Loses North MainſHuil, Straits | $ 62 2 36 480.7 4e 
I, Samos Natolia rchipelago | 37 46 N.] 27 13 K 
. Sambrough | Nava Scotia Weſtern Oc. | 44 33 N.] 63 20 W“. 
Sandwich England {Downs 51 20 N. 1 20 E. Ii 30 
[Sandwich Ifes N. Hebrides|Pacif. Ocean] 17 41 $4 168 33 E. | 
Sandwich Harbour Malicoha Pacif. Ocean | 16 25 S.| 167 43 E. 
Saudwich's Bay S. Georgia Atl. Ocean 54 45 S.] 36 4W. 
I. Sanguin hilip. Ifles |Pacif. Ocean 3 30 N.] 122 30 E 
I. Sanien orth Orean] 69 30 N.] 14 30- E. 
Santa Crus Atl. Ocean | 30 30 N.] 9 35W 
2 K limit 41 15 N.] 9 3r E. 
1.8 bs | 
n Medit. Sea | 38 54 N. 4 15 k. 
Po Cagliari 39 25 N.] 9 38 E. 
—< LF Q:iſtagni es 1 39 53 N.] 9 01 E. 
Satena Pacif. Ocean | 29 40 S.] 71 15 W. 
Saunder's Iſle Sandwich l. Atl. Ocean 58 oo S.] 26 58 W. 
[C. Saunders ia Atl. Ocean 54 6 S.] 36 58 W. 
Scanderoon Levant 36 35 N.] 36 25 E. 
Scarborough head Germ. Ocean] 54 18 N.] oo co 45 
I. Scarpanto Archipelago 35 45 N.] 27 40 E. 
I. Scataric, N. E. pt. eſt, Ocean 46 O1 N.] 61 57 W. 
Sca Sound 57 34 N.] 10 54 E. 
l. Schelling Germ. Ocean] 53 27 N 5 30 E. [ 
2 (C. St. Nicholas 38 38 N.] 26 12 E. | 
N 1852 Archipelago 4 38 24 N.] 26 29 E. | 
= © C. Blanco 38 08 N.] 26 20 E. 
Seilly Ines St. Geo. Ch. | 50 oo N 6 45W.| 4 as | 
Scots Settlement aribbean Seal] 8 45 N.] 76 35 W. | 
I. Sea P 37 438 NJ 24 53 E. | 
Seames 3, Biſcay 48 00 N 4 51 W. | 
III. Sebaldes- S. Atl. Ocean 50 53 S.] $59 35 W. | 
C. Sebaſtian i Pacif. S 43 00 N.] 126 o W. | 
-St. Sebaſtian Africa Madagaſcar Indian Ocean] 12 30 S.| 49 13 E. | 
St, Sebaſtian i B. Biſcay 43 16 N] 2 o5 W. | 
Port Segura Atl. Ocean 16 57 S.] 39 45 W. | 
R, Senegal Africa|Negroland |Atl, Ocean 15 40 N.] 16 20 W. 30 | 
I. Seranilha [Am. [Weſt Indies Atl. Ocean 16 20 N 79 4o W. 9 9 
I. Serigo Eu. [Turky rchipelago | 36 og N.] 23 24 — | 
1. Sertes [Africa|Canaries [Atl. Ocean | 32 35 N.] 16 20 W. | 
R. Seſtos Africa Guinea Atl. Ocean 5 48 N.] 8 13 W. | 
Seven Capes Africa Barbary edit. Sea 37 30 N.] 6 15 W. | 
Seven Stones, or Iles Eu- England . Geo. Ch. | 50 20 N.] 6 40 W. 4 30 
. Severn, Eat. St. Geo. Ch. -51 41 N. ozWj6 © | 
R. Severn udſon's Bay] 56 12 N.] 88 57 W. | 
- Seyn, Ent. Eng. Channel|] 49 36 N.] o 30 Eg 00 
Seynhead Chan 49 44 N.] o 34 E. | 
Sheerne(s R. Thames | 51 25 N.] o 50 E. © oo 
Shepherd's Iſles ides}Pacif. Oceaa | 17 oo S.] 168 42 E. | 
diam Bay Siam 14 18 N.] 100 55 E. : 
R. Siam, Ent. Bay Siam 13 15 N.] 100 47 E. | 
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Names of Places, |Cont. | Countries, Coaſt. Latitude, | Longitude. H. 
: | S® i F 0 
Siara IAm. Braſil Atl. Ocean z 18 S.] 39 50 W. 
E. end, Meſſi na . 38 10 N.] 15 58 E. 
Catanea ' 37 22 N.] 15 21 E. 
2 | Syracuſe 37 04 N.] 15 31 E. 
* J C.Paſ-]gs. -|ltaly Medit. Sea J 36 35 N.] 15 22 E. 
= | Alicota 3711 N.] 14 0% E. 
W. end, C. Boco 37 51 N.] 21 43 E. 
Paletmo 38 10 N.] 13 43 E. 
ierra Leona Africs}Guinea Atl. Ocean 8 30 N.] 12 07 W. 
Sillabar Road Aſia I. Sumatra [indian Ocein| 4 oo S.] 102 50 E. 
Str, Sincapore {Aſia [Malacca Indian Ocean | 1 00 — 5 30 E 
R. Sinda, or Indus . f 24 30 10 E. 
> Mes » LiAfia India Indian Ocean . N. 63 40 E. 
Po. Shabak Africa Abyſſinia Red Sea 18 58 N.] 38 24 E. 
N —_ Am. New Wales [Hudſon's Bay] 64 os N.] 82 12W. 
Shields Eu. England |Germ. Ocean 55 o N.] 1 20 W.. 
Shelvock's Ifte Am.“ [California [Pacif. Ocean] 23 15 N.] 1179 35 W. 
hillocks IkEu. [Ireland Weſt. Ocean | 5t 30 N.] 11 05 W. 
i. Shetland, limits Eu. [Scotland Weft. Ocean - Tl kw 
Shoreham Eu, England Eng. Channel] 50 55 * co 17 E. 
N. point 57 50 6 30 W. 
I. Sky 3 8. e Eu. Scotland [Weit. Ocean 1 - 7 15 N 6 16 W. 
Sleeper Iftes 6000 N 8 
: Am, New Britain Hudſon's Bay , 63 3z N. 1 30 0 
Great Sleeper 6010 N.] 82 oo W. 
The Sleepers lie in 
a Chain from the | 
GrecatSleeper down 
to Lat, 589 50. N 
& Long. Sz: W. | 
Sline Head Ev. Ireland Weft, Ocean | 53 20 N. 2 15 W. 
R. Slude Am, Ne Britain|Hudſon's Bay] 53 24 N 78 5o W. 
S!uyce Eu. [D. Neth. Germ. Ocean: 51 15 N. 3 50 E. 
C. Smith Am. jLabradere |Hudſon's Bay] 60 48 N.] 80 55 W. 
Smyrna Afa N atolia Archipelago 38 28 N.] 27 25 E. 
I. Socatora Africa} Anian Indian Oceanj 12 15 N.] 52 55 E. 
C. Solomon Eu, I. Candia |Medit. Sea 34 57 N.] 27 06 E. 
R. Somme Eu. France Eng. Channel| 50 18 N. 140 E: 
Sound Royal Eu. Iceland North Ocean 66 22 N.] 15 15 W. 
Southampton Eu. Eagland Eng. Channel! co 55 N.] 1 oo W ©0 ' 
O. Southampton Am [New Wales Hudſon's Bay 61 54 N.] 86 14 W. | 
South Cape Alia jDiemen's la. Pacif. Ocean] 42 40 S.| 130 og E. 
C. Spantivento Eu. Italy Medit. Sea 37 50 N.] 16 41 E. 
C. Spartel Afric-IBarbary Atl. Ocean 35 46 N.] 5 53 W. 
Stavenę er Eu. Norway Weſt; Ocean | 58 47 N 6 45 E. 
2, Stephens Afia IN. Zealand |Pacif. Ocean] 40 36 S.| 174 o5 E. 
I Spirito Santo Am. Ir. fil Atl. Ocean 20 24 S.] 39 55 W. | 
Spurn Eu. England Germ. Ocean 53 35 N.] o 30 E. 15 
I. Stampalia Aſiz fVNatulia Archipelago 36 25N| 26 55 E 
l. Stancho Afia, INato'ia Archipelago 36 5o N.] 27 30 K 
Statt point Eu. jEngland Eng. Channel 50 og N.] 3 42 W. 6 45 
2 3 St. _ 1 988445 S (o 35 W. | 
- St. Bartho- Am. [Patagonia Atl. Ocean ö 
A hs 8 | : 7 55 08 S\| 60 45 W. 
Stetin Eu, [Germany Baltic Sea 53 35 N.] 15 25 E 
C. Stillo Eu. [italy Medit, Sea 38 23 N.] 17 07 E 
Port Steven Am 1 Pacif, Ocean | 46 co S.] Lz 36 W 
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2 


| _ 


tockholm Eu, 

tockton Eu. 
Straclſund Eu. 
Strangford Bay Eu. 
I. Stromboli Eu. 


| 9 * 0 7 
2 . 2 I, 18 * 
nglan erm. 54 I 3 Sh. 18m. 
Germany Baltic Sea 54 . N.] 14 — E. ä 
Ireland Iriſh Sea 54 23 N. 5 4% W. ro 30 
Italy Medit, Sea 38 42 N.] 15 48 E 


Succeſs Bay Am. T. del Fuego Atl. Ocean 54 50 S.] 65 25 W. 
Suez Town Africa Egypt Red Sea 29 50 N. 33 27 E. 
2 WW Afia |I. Borneo Indian Ocean 1 00 S. 110 40 E. 
» Suma- . end 2 1 N. . E. 

— SE, end Asia India Indian Ocean|{ * 8. — 2 E. 
Sunderland Eu, [England Germ. Ocean] 54 55 N.] 1 o W. 3 30 
Str. Sunda Aſia Siam Indian Ocean 6 10 8. 105 35 E. 

Surinam Am, Terra Firma Atl. Ocean 6 30 N.] 55 30 W. 

Surat Aſia India Indian Ocean] 21 10 N.] 72 25 E. 

I Surroy + Eu, [Lapland North Ocean | 91 oo N.] 22 00 E. 
Swaken Africa|Abyſſinia Red Sea 19 30 N.] 37 38 E. 
Swally P. oad Afia India Arabian Sea 21 55 N. 72 O0 E. 
Swanſey Eu. Wales St. Geo, Cha. 51 40 N.] 4 25 W. 
Sweetnoſe Eu, pland North Ocean] 68.08 N.] 34 42 E.“ 
Swin, a fand Eu. ngland Ent. Thames] 51 37 N.] 1 12 Elna o 
Syracuſe u. II. Sicily . |Medit. Sea 37 04 N.] 15 20 E. 
Syriam s Afia |Pegu JB. Bengal | 15 09 N. 96 40 E. 
Tadouſac Fort Am. [Canada R. St. Lawr.] 48 oo N.] 67 35 W. 

I. Tamarica Am. |Brefil Atl, Ocean 7 56 S| 35 Oos W. 
[Tamarin Town AfricaſI. Socotra Indian Ocean 12 30 N.] 53 14 E. 9 oo 
B. Tanaſſorin Afia |Malacca B. Bengal ta 00 N. os 48 E.] 

I. Tendoxima Aſia Japan Pacif, Ocean | 30 30 N.] 130 40 E. 
Tangier Africa Barbary Atl. Ocean 35 55 N.] 5 45 W 

Tanna Afia N. Hebrides|Pacif, Ocean] 19 32 S.] x69 45 E. 3 oo 
Taoukaa Aſia Society Iſles Pacif. Ocean] 14 31 8. 145 10 W. 

arento Eu. Italy Medit, Sea 40 43 N.] 17 31 E. | 
C. Tat'nam [Am. New Wales [Hudſon's Bay] 57 35 N.] gr 30 W. | 
IR. Tees, mouth Eu. England [Germ. Ocean] 54 36 N.] o 52 W. 3 oo | 
Tegoantepec Am. Mexico Pacif. Ocean 14 45 N.] 96 23 W. 
Freilichery Aſia India Malaba Coaſt | 11 42 N.] 75 30 E. 

C. Telling u. [Iceland Weſt. Ocean | 54 49 N.] 10 07 W. 

I. Tenedos Aſia Natolia Archipelago 39 57 N.] 26 14 E. | 

I. Teneriff Africa|Canaries Atl. Ocean 28 16 N.] 16 32 W.| 3 00 
. Tenes Africa|Barbary Medit. Sea 36 26 N.] 1 53 E. 

I. Tercete © JAtl, Ocean 33 45 N.] 27 o W. 

Terra Nieva in Hudt. Straits] 62 4 N.] 67 2 W. 9 50 

Tervere Germ, Ocean; 51 38 N. 3 35 E. 9 45 

etuan Medit, Sea 35 27 N.] 4 50 W. 

I. Texel Germ. Ocean 53 10 N.| 4 59 E.|7 30 

St. Thadzus North Ocean | 62 10 N.] 175 o E. 

R. Thames, mouth Germ: Ocean 51 28 N.] 1 10 E. 1 30 

C. St. Thomas Atl. Ocean 24 54 8. 15 25 E. 

I. St. Thomas Atl, Ocean | 00 00 t o E. 

St. Thomas B. Bengal 13 o N.] 80 oo E. 

C, Three Points Terra Firma Atl. Ocean | 10 51 N.] 62 41 W. 

C. Three Points Atl. Ocean 4438 N 121 — 

South Thule Am. Sandwich la.] Atl. Ocean 59 34 8.] 27 45 W. 

I. Tidore Malucea Is. Indian Ocean 5 35 N.] 126 40 — 
INE. pt. 20 127 40 | 

I. Timor E 4 | olucca Is. Indian Oceanſy % 10 8. 123 55 E. 244 

Tinmouth Germ. Ocean 55 03 N.] 1.17 W. 32 oo | 

I. Tino Archipelago | 37 33 N.] 25 43 FE. 1 

I. Tobago Atl, Ocean 11 15 N.] 60 27 W. | 

(Tobolſki nland 58 22 N.] 68 20 E. 


B. Todos Santas Atl. Ocean 13 os S.] 38 45 W. 
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| 
' 


[Tonquin 


VR. Tortoſa 
I. Tortola 
I. Tory 
Toulon 
C. Trefalgz 
I. Tremiti 
C. de Fres forcas 
I. Trailles 
I, Trinity 
I. Trinidada, E. pt. 
{Trinity Bay, Ent. 
Triĩeſt 
Trinquemali 
Tripoli 
Tripoly 
G. Triſte 
I. Triſtian d' Acunha 
Iſ. Tromſound 
ITrurilla 
Tunder 
Tunis 
Turin 5 
I. Turks 
Turtle Iſland 
* 


Vaſe neia 
St. Valery 
Valona 
Valpariſo 
Van Dieman's land 
Vannes 
C. Vela 
P. Venus 
Venice 
Vera Cruz 
O. Verd 


I. St. Vincent 
I. St. Vincent 
St. Vincent. 


Bock VI. 


| Coaſt, Latitude. f Longitole. tl. Water 
L — N 
4 ; 0 "a # bat - wy 
Asa India Pacif. Ocean] 20 50 N.] 10g 55, E. 
Eu. Norway ound 58 50 N.. 10 of EA 
Eu. g- Channel] 50 37 N.] 3 27 
Eu. ug. Channel] 50 34 N.] 3 36 W. 
Eu. Bothnia | 65 51 N.] 24 16 E. 
Eu. Spain it. Sea | 40 47 N.] 1 03 E. 
Am. Antil. Ifle [Atl. Otean 18 24 N.] 65 co W. 
Eu, Weſt. Ocean] 55 o N.] 8 30 W. 5 20 
ö 
Eu. edit. Sea 43 07 N.] 6 oo E. 
Eu. Atl. Ocean 3 os N.] 5 58 W 
Eu. y Medit. Sea 42 o N.] 15 40 E 
Africs|Barbary edit. Sea 35 30 N.] 2 11 W. 
Afia India indian Ocean] 19 30 8.] 101 25 E. 
Am TJBrafil Atl, Ocean 20 25 8. 23 35 W. 
Am. Terra Firma Atl. Ocean 10 38 N.] 60 27 W. 
Am. \Newfouncl. [Atl. Ocean 48 30 N.] 52 35 W. 
Eu. Carniola IAdriat. Sea 45 51 N| 14 03 E. 
Afra . Ceylon Indian Ocean go N.] 33 24 E 
Aſn. Syria evant 34 53 N.] 36 o/ k. 
AfricaſBarbary edit. Sea 3? 54 N 13 10 E. 
Am. Terra Firma|Atl. Ocean 10 19 N.] 67 41 W. 
Africa Caffers » Atl. Ocean} 37 12 S.| 13 23 W. 
Eu. Lapland North Ocean] 70 20 N.] 19 co E. 
Am. Peru acif, Ocean 8 oo S.] 78 35 W. | 
Eu. [Denmark ef. Orean | 55 00 N. 9 35 E. | 
Africa garbary edit. Sea 3947 NJ 10 16 E | 
Eu. Italy . Po 45 o N.] +7 45 E. 
Am. {Bahama Atl. Ocean 21 18 N.] 71 o5W | 1 
Aſia ( — . ſPacif. Ocean| 19 49 S.| 177 57 W | 
Eu. Spain edit. Sea | 39 30 N.] o 4oW | 
Eu. France Eng: Channel] 50 10 N. o 56 E. 10 30 
Eu. utky edit. Sea | 40 $5 NJ 21 15 E | 
Am. China acif, Ocean| 33 00 S| 72 14 W | 
Aſia. N. Holland [Indian Ocean} 43 38 S| 146 27 k | 
Eu, France B. Biſcay 47 39 N. 2 4 W. 3 45 
Am. [Terra Firma|Atl. Ocean 12 15 N 91 20 | 
Aſta fOtaheue acif. Ocean] 17 29 S.] 149 36 W. 1io 38 
Eu. Italy Medit. Sea 45 27 N] 12 24 E 
New Spain [G. Mexico 19 oo N.] 97 53 W. | 
Negroland |Atl. Ocean | 14 47 N 17 28 | 
weden G. Bothnia 6345N,| 21 10 E [| 
Aſia [India Bengal 17 30 N.] 84 oz E. | 
[Am. [Patagonia [Pacif. Ocean] 52 15 S.] 74 28 W. 1 
Eu. [Germany R. Danube | 4$ 11 N.] 16 28 E. | 
Eu. Spain Atl, Ocean | 42 O N.] 8 35 W. | 
Am. Paraguay Atl. Ocean | 23 55 S.] 45 11 W. | 
Eu. [Portugal [Atl. Ocean 37 01 N. : 58 W. | 
Africaſc Verd Atl. Ocean 17 47 N.] 24 44 W. 1 
Am. [|Carribbe. {Atl. Ocean 13 0; N.] 61 og W | 
Africa[Guinea th, Ocean 4 5% N. 74aW | 
Patagonia Atl. Ocaan 82 23 S.] 68 10 W f 
Antil. Iſle [Atl Ocean 18 18 N.] 64 14 W | 
Newfoundl. Atl. Ocean | 46 3o N.] 51 30 W. | 
Ruflia Inland | 66 40 N.] 34 15 E. 1 
urkey {Archipelago | 39 07 N.] 23 23 E. N 
Africa Guinea Atl. Ocean 32 N. 1 10 E. | 
affert Atl. Ocean | 28 04 8] 16 18 E. I 
weden „Sala 59 52 N.] 17 43 E. 
Denmark Baltic Sea 55 54 NI 12 52 E 
France Eng. Channel 48 30 N.] 5 156 W.] 4 30 
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b W 

Prin. Wales's Iſles 

R. Weger 

Wallis's Iſle 

C. Walfingham 

Wardhus | 

[Warſaw 7 

Waterford 

|Watling Iſle 

[Wells 

Weſtern Iſles 
ſeſtern F S. point 

Iſles i 


Whale's Back 

| Whale's Head 
Whale Rock 
[Whitby 
Whithaven 
|Whitſuntide I. 

| Wicklow | 
|Willis's Iſles 
[Windaw 


|» KN. ena 
2 S. eng 

E. end “ 
| W, end 


(IT, Prince William 
[William Henry I, 
|Winchelſea \ 

| Wintertoneſs 


C. Wrath 
|Wybourg 
Y 


|Yamboa 
[Yarmouth 
Vas de Amber 
82 River 


Vork, New 
|Youghall 


' 
| 


| Wiſbuy in I. Gotland. Eu. 


— — — 


— — — — 


ns. — 


GEOGRAPHY: 0399 
| 1 * 
Eu, [Italy Medit, Sea 38 43 N.] 13 33 
Bu. _ '[Metliz,. Sea | 88 29 N. 46 33 1 1 
Afta N. Ouinea Endeavour St,] 10 a6 S.] 24t vo BJ + | 
Am. [New Wales [Hudſon's 65 u Nt] 87 ab WII Gh. oom. 
Af Pecif. Ocean 8 18 8 156 20 W. Is 
m. New Britain Hudſ. Straits 39 N.] 27 43 W. ia oo | 
** orth Otean] 7 35 N.] 42. 45 E. >. 
Eu. . Viſtula 52 24 N 1 10 E: L 
u. St. Geo, Ch. [ 52 09 NI AW. 6 30 
Am. Alt. Ocean 23 42 N.] 74 22 W. 
Eu. Germ. Ocean] 53 07 N.] 1 O E. 6 oo 
Afia Diemen's la. Pacif. Ocean} 43 36 S.] 147 00 = | 
x 56 46 NJ 7 40 W. | 
Eu. Scotland eſt. Ocean 3 8 35 N.] 6 37 W. 
Eu. Iceland Weſt. Ocean 3 5$ N.] 27 30 W. 
Eu. Lapland {North 69 15 N. * oo E. 
Eu. [Ireland St. Geo, Ch. | 52 23 N.] 6 56 W. | 
Eu. England Eng. Channel 52 40 N.] 2 34 W. 7 20 
Eu. Iceland Weſt, Ocean} 63 44 N.] 17 05 W. | 
Eu. re-nland North Ocean] 77 18 N.] 21 30 E. 
Eu. [Azores Atl. Ocean 38 50 N.] 24 41 W. | 
Eu. England Germ. Oce 54 30 N.] o so W. 3 oo | 
Eu. [England riſh Sea 54 25 N 8 15 W. 139 
Afia N. HebridesPacif. Ocean 16 44 S.| 168 20 E. | 
Eu, [Ireland St. Geo, Ch. | $52 50 N.] 6 30 W. 
Am. |S. Georgia Atl. Ocean | 54 oo S.] 38 30 W. 
Eu, [Courland [Baltic Sea 57 08 N.] 22 20 E. 
x 50 47 N. (1 11 — 
0 34 N 1 10 ne 
e 2 iu. | 
| 50 41 N. C 1 23. 
Aſia — Pacif. Ocean] 16 45 S.] 177 55 E 
Afia {Society Illes Pacif. Ocean | 19 00 S.] 141 E | 
Eu, England {Eog. Channel] 50 58 N] o 50 Eo 45 | 
Eu. England {Germ: Oc 5$302N| 122 El 9g o 
Sweden Baltic Sea 57 40 N.] 19 50 E. vo 
Eu. Scotland {Weſt, Ocean | 58 40 N.] 4 50 W | 
Eu. Finland . Finland 60 55 N. 30 20 E. | 
Afia [Arabia Ned Sea 24 25 N.] 38 54 E | 
Eu. jEngland erm. Ocean] 52 55 N.] 1 40 El9 45 | 
Africa|Zanguebar Indian Ocean] © 00 47 15 E r 4 
[Afia, China Pacif. Ocean | 34 06 N.] 120 10 E | 
Am, Peru Pacif, Ocean] 17 36 S.] 71 08 W | 
Afia N. Holland Endeavour St.] 10 41 S.| 141 39% E LY 
Am. [New Wales Hadſon's Bay] 57 oa N.] 92 47 W. 9 16 | 
Am. N. England JAtl. Ocean 40 41 N.] 74 o4W] 3 © | 
Eu. Ireland St, Geo. Ch.] 51 46 N.] 8 O6 W. 4 30 
| 
Am. [Mexico {Pacif. Ocean] 27 10 N.] 105 oo W | 
Am, [Antilles JAtl. Ocean 18 24 N.] 67 52 W 
Eu, Italy Adriatic Sea | 37 50 N.] 21 30 E. 
Africa[Zangueþar [Indian Ocea 6 55 S.] 40 10 E 
Eu. Dalmatia Medit. Sca 44 1s N.] 16 55 E. 
: 34 238 8.] 172 44 E 
Aſia — Ip ecif. Ocean ; 
47 20 'S.| 167 50 E. 
Afia [Arabia Inland 16 20 N.] 47 44 E. 
Eu, D. Neth. erm. Otea 3:00 | 
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Beſ des the times of high · water in the preceding table, the followi 
times ferve for coaſts of conſiderable extent, and will ſerve nearly for "op 
places on thoſe coaſts, | 


Finmatk, or NNW. coaſt of Lapland, Ih. jon Jutland Iſles oh. om. 
Frieſland coaſt h. zom. Zealand coaſt 1h. 3om. _. | 
Flanders coaſt oh. om. Picardy and Normandy coaſts 10h, zom. 
Biſcay, Gallician, and Portugal coaſts 3h. pots, | 

Iriſh W. coaſt zh. oom. Iriſh S. coaſt 5h. 15m. . 
Africa W. coaſt 3h. om. America W. c 13. om. Ew 
America E. coaſt 4h. 30m. 0 19 


g * 
. . ». + 
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